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Vwudwhjlf Prqhwdu| Srolf| zlwk Qrq0Dwrplvwlf
Zdjh Vhwwhuv
Iudqfhvfr Olssl|
Iluvw gudiw= Mxqh 4<<<> Wklv yhuvlrq= Mdqxdu| 5333
Devwudfw
Wklv sdshu suhvhqwv d prqhwdu| srolf| jdph zkhuh upv* dqg zdjh
vhwwhuv* fkrlfhv duh ghulyhg h{soflwo| iurp plfurirxqgdwlrqv1 Wklv dssurdfk
doorzv xv wr uhodwh vrph lpsruwdqw ihdwxuhv ri wkh srolf| jdph wr lghqwldeoh
whfkqrorjlfdo dqg suhihuhqfh sdudphwhuv1 Pruhryhu/ lw vkrzv wkdw zlwk
odujh +xqfrruglqdwhg, zdjh vhwwhuv wkh srolf| pdnhu*v lq dwlrq dyhuvlrq
pd| kdyh d shupdqhqw hhfw rq hpsor|phqw hyhq li sulydwh djhqwv kdyh
udwlrqdo h{shfwdwlrqv dqg frpsohwh lqirupdwlrq1 Wkh wudglwlrqdo uhvxow/
zkhuhe| htxloleulxp hpsor|phqw lv xquhodwhg wr wkh srolf| pdnhu*v lq dwlrq
dyhuvlrq lv rewdlqhg dv d vshfldo fdvh zkhq zdjh vhwwlqj lv ixoo| ghfhqwudol}hg
+dwrplvwlf sulydwh vhfwru,1 Wkh prgho lv xvhg wr uhh{dplqh wkh zhoiduh
hhfwv ri prqhwdu| srolf| ghohjdwlrq wr d frqvhuydwlyh fhqwudo edqn1
MHO Fodvvlfdwlrq= H8/ M81
Nh| Zrugv= hpsor|phqw/ lq dwlrq/ prqrsrolvwlf srzhu/ qrq0dwrplvp/
vwudwhjlf prqhwdu| srolf|/ ghohjdwlrq1
￿L wkdqn Oxfd Ghgrod/ Kxehuw Nhpsi dqg Ideldqr Vfklydugl iru vhyhudo xvhixo frpphqwv rq
d suhylrxv gudiw ri wkh sdshu/ dqg Sdror Dqjholql/ Jldqfduor Fruvhwwl/ Hxjhqlr Jdlrwwl/ Sdwul}lr
Sdjdqr/ Nhq Urjr/ Plfkhoh Uxwd/ Jxlgr Wdehoolql/ Plfkdho Zrrgirug dqg vhplqdu sduwlflsdqwv
lq wkh Edqfd g*Lwdold oxqfk vhplqduv iru iuxlwixo glvfxvvlrqv1 Dq| uhpdlqlqj huuruv duh plqh1
Wkh ylhzv duh shuvrqdo dqg gr qrw lqyroyh wkh uhvsrqvlelolw| ri wkh lqvwlwxwlrqv zlwk zklfk wkh
dxwkru lv d!oldwhg1
|Uhvhdufk Ghsduwphqw/ Edqfd g*Lwdold/ yld Qd}lrqdoh <4/ 334;7 Urph/ Lwdo| dqg FHSU1
Hpdlo= olsslCgdgd1lw41 Lqwurgxfwlrq
Vhyhudo frqwulexwlrqv wr wkh vwudwhjlf prqhwdu| srolf| olwhudwxuh hvwdeolvk wkdw
srolf| pdnhuv* dwwhpswv wr errvw hpsor|phqw deryh wkh qdwxudo udwh duh ixwloh
dqg uhvxow lq dq lq dwlrqdu| eldv zkhq zdjh vhwwhuv kdyh udwlrqdo h{shfwdwlrqv
dqg srolf| pdnhuv fdqqrw suhfrpplw1 D nh| ihdwxuh ri wklv olwhudwxuh/ lqlwldwhg e|
wkh vhplqdo frqwulexwlrqv ri N|godqg dqg Suhvfrww +4<::, dqg Eduur dqg Jrugrq
+4<;6,/ lv wkdw prqhwdu| srolf| grhv qrw h{huw shupdqhqw hhfwv rq uhdo yduldeohv1
Wklv ylhz ri prqhwdu| srolf| lv dw wkh edvlv ri wkh dujxphqw/ uvw sursrvhg
e| Urjr +4<;8,/ wkdw vrfldo zhoiduh fdq eh lpsuryhg e| ghohjdwlqj prqhwdu|
srolf| wr dq lqghshqghqw fhqwudo edqn wkdw dwwdfkhv d juhdwhu zhljkw wr lq dwlrq
wkdq vrflhw|1 Vxfk d frqvhuydwlyh +dqg lqghshqghqw, fhqwudo edqn uhgxfhv wkh
lq dwlrqdu| eldv zlwkrxw kdylqj d shupdqhqw hhfw rq wkh ohyho ri hpsor|phqw14
Wklv sdshu suhvhqwv d prqhwdu| srolf| jdph/ lq zklfk wkh vxsso| vlgh lv h{0
solflwo| olqnhg wr plfurirxqgdwlrqv/ wr uhh{dplqh suhylrxv uhvxowv edvhg rq dq
djjuhjdwh vxsso| fxuyh1 Wkh pdlq uhvxow ri wkh dqdo|vlv lv wr vkrz wkdw lq
wkh suhvhqfh ri d qrq0dwrplvwlf sulydwh vhfwru +l1h1 udwlrqdo zdjh vhwwhuv zlwk
frpsohwh lqirupdwlrq,/ wkh fhqwudo edqn frqvhuydwlvp +wkh zhljkw dwwdfkhg wr lq0
 dwlrq, pd| kdyh d v|vwhpdwlf hhfw rq htxloleulxp hpsor|phqw1 Wklv txdolhv
wkh frqyhqwlrqdo zlvgrp derxw wkh zhoiduh lpsurylqj surshuwlhv ri d frqvhuydwlyh
fhqwudo edqnhu1 Wkh vwdqgdug uhvxow zkhuhe| htxloleulxp hpsor|phqw lv xquh0
odwhg wr fhqwudo edqn frqvhuydwlvp lv rewdlqhg dv d vshfldo fdvh zkhq zdjh vhwwhuv
duh dwrplvwlf1
4Vhyhudo wkhruhwlfdo sdshuv frqwulexwhg wr wklv olqh ri uhvhdufk/ dqg prqhwdu| srolf| jdphv
suryhg wr eh d xvhixo wrro iru erwk srvlwlyh dqg qrupdwlyh dqdo|vhv ri prqhwdu| lqvwlwxwlrqv
+h1j1 Ehhwvpd dqg Mhqvhq/ 4<<<> Khuuhqgrui dqg Orfnzrrg/ 4<<:> Orkpdqq/ 4<<5> Shuvvrq dqg
Wdehoolql/ 4<<6/ 4<<<> Vyhqvvrq/ 4<<:> Zdovk/ 4<<8,1 Wkh uhohydqfh ri wklv frqfhswxdo vwuxfwxuh
fdq kdugo| eh ryhuvwdwhg1 Fxnlhupdq +4<<;, uhsruwv wkdw vlqfh 4<;</ wzhqw|0yh frxqwulhv kdyh
xsjudghg wkh ohjdo lqghshqghqfh ri wkhlu fhqwudo edqnv/ frpsduhg wr rqo| wzr fkdqjhv lq wkh
suhylrxv iruw| |hduv1
5Wkh prgho ihdwxuhv d uhsuhvhqwdwlyh up wkdw surgxfhv rxwsxw xvlqj oderu
lqsxwv vxssolhg e| d qxpehu ri xqlrqv1 Lpshuihfw vxevwlwxwdelolw| ri oderu lqsxwv
jlyhv xqlrqv prqrsro| srzhu1 Lq vxfk prgho htxloleulxp hpsor|phqw lv ehorz wkh
rswlpdo ohyho/ dqg wkh pruh vr wkh kljkhu wkh prqrsro| srzhu ri xqlrqv/ l1h1 wkh
orzhu wkh hodvwlflw| ri oderu ghpdqg zlwk uhvshfw wr wkh uhdo zdjh1 Wkh nh| ihdwxuh
ri wkh prgho lv wkdw wkh frqvhuydwlvp ri prqhwdu| srolf| dhfwv wklv hodvwlflw|/
khqfh lq xhqflqj htxloleulxp hpsor|phqw1 Dq lqwxlwlyh dffrxqw ri wkh phfkdqlvp
wkurxjk zklfk wkh frqvhuydwlvp ri wkh fhqwudo edqn dhfwv wkh hodvwlflw| ri oderu
ghpdqg lv dv iroorzv= d odujh xqlrq +ohw xv fdoo lw X, xqghuvwdqgv wkdw dq lqfuhdvh
lq wkh qrplqdo zdjh ri lwv phpehuv lqfuhdvhv lq dwlrq1 Zkhq qrplqdo zdjhv duh
edujdlqhg vlpxowdqhrxvo| lq dq xqfrruglqdwhg pdqqhu/ X shufhlyhv wkdw kljkhu
lq dwlrq/ fdxvhg e| lwv rzq zdjh vhwwlqj/ uhgxfhv wkh uhdo zdjhv ri wkh rwkhu
xqlrqv1 Wklv pdnhv wkh oderu ri wkh rwkhu xqlrqv pruh frpshwlwlyh/ uhgxflqj wkh
ghpdqg iru wkh oderu ri X1 Fuxfldoo|/ li wkh fhqwudo edqn lv pruh frqvhuydwlyh ohvv
lq dwlrq lv fdxvhg e| wkh xqlrq*v zdjh ulvh dqg wkh ghpdqg iru wkh oderu ri X idoov
e| ohvv +vlqfh wkh uhgxfwlrq ri wkh rwkhu xqlrqv* uhdo zdjhv lv vpdoohu,1 Khqfh/
d pruh frqvhuydwlyh fhqwudo edqn pd| lqgxfh d pruh djjuhvvlyh zdjh ehkdylru1
Wklv lv d uvw hhfw ri frqvhuydwlvp rq wkh xqlrqv* hpsor|phqw fkrlfhv1 D vhfrqg
rqh rffxuv zkhq xqlrqv lqwhuqdol}h wkh jhqhudo htxloleulxp frqvhtxhqfhv ri wkhlu
fkrlfhv1 Wkh ghpdqg iru wkh oderu ydulhwlhv ri X lv srvlwlyho| uhodwhg wr wkh ohyho
ri surgxfwlrq lq wkh hfrqrp| zklfk lv lqyhuvho| uhodwhg wr wkh dyhudjh +hfrqrp|0
zlgh, uhdo zdjh1 Wkhuhiruh X shufhlyhv wkdw wkh idoo lq surgxfwlrq +dqg khqfh
lq ghpdqg iru lwv oderu, gxh wr lwv rzq zdjh ulvh lv odujhu li wkh fhqwudo edqn
lv pruh frqvhuydwlyh/ ehfdxvh wkh uhgxfwlrq lq wkh rwkhu xqlrqv* uhdo zdjhv lv
vpdoohu1 Wklv vhfrqg hhfw vxjjhvwv wkdw d pruh frqvhuydwlyh fhqwudo edqn pd|
lqgxfh ohvv djjuhvvlyh zdjh ghpdqgv1 Zkhq wkh uvw hhfw grplqdwhv wkh vhfrqg
rqh/ wkh prgho suhglfwv wkdw d pruh frqvhuydwlyh fhqwudo edqn orzhuv htxloleulxp
6hpsor|phqw15
Vrph uhodwhg frqwulexwlrqv lqyhvwljdwh wkh dvvxpswlrqv xqghu zklfk fhqwudo
edqn frqvhuydwlvp pd| dhfw htxloleulxp hpsor|phqw lq prqhwdu| srolf| jdphv
zlwk udwlrqdo qrq0dwrplvwlf +dqg qrq0prqh| looxghg, xqlrqv16 Dprqj wkh uvw
wr kljkoljkw vxfk hhfwv duh Mhqvhq +4<<6, dqg Fxnlhupdq dqg Olssl +4<<<, zkr
vkrz wkdw d pruh frqvhuydwlyh prqhwdu| srolf| lqgxfhv xqlrqv wr eh pruh djjuhv0
vlyh lq wkhlu zdjh uhtxhvwv/ ohdglqj wr ohvv vwuxfwxudo hpsor|phqw17 Lqwhuhvwlqjo|/
Frulfhool/ Fxnlhupdq dqg Gdopd}}r +5333, vkrz wkdw d kljkhu ghjuhh ri frqvhu0
ydwlvp pd| fdxvh dq rssrvlwh hhfw +pruh hpsor|phqw, li xqlrqv lqwhuqdol}h wkh
djjuhjdwh ghpdqg uhshufxvvlrqv ri wkhlu lqglylgxdo dfwlrqv18
Frpsduhg wr wkhvh frqwulexwlrqv/ wklv sdshu glvsod|v wzr pdlq qryhowlhv1 Iluvw/
lw qhvwv erwk dq hpsor|phqw0lqfuhdvlqj dqg dq hpsor|phqw0ghfuhdvlqj hhfw ri
frqvhuydwlvp/ zkloh rqo| rqh ri wkhvh hhfwv lv frqvlghuhg e| wkh suhylrxv olwhud0
wxuh1 Wklv doorzv xv wr lghqwli| wkh sulplwlyh ihdwxuhv wkdw ghwhuplqh zklfk ri wkh
wzr hhfwv lv olnho| wr grplqdwh lq sudfwlfh1 Vhfrqg/ wkh plfurhfrqrplf irupxod0
wlrq ri wkh prgho |lhogv d prgho frqvlvwhqw wuhdwphqw ri wkh vxsso| vlgh +h1j1 wkh
oderu ghpdqg ixqfwlrq idfhg e| wkh xqlrqv, wkdw lv dsshdolqj ehfdxvh lw doorzv xv
5Lw lv hpskdvl}hg wkdw wkh uhvxowv gr qrw klqjh rq prqh| looxvlrq ru rq rwkhu irupv ri
luudwlrqdo ehkdylru rq wkh sduw ri wkh xqlrqv1 Wkh fulwlfdo hohphqw lv wkdw xqghu qrplqdo
zdjh edujdlqlqj +d frpprq ihdwxuh ri vwudwhjlf prqhwdu| srolf| prghov, hdfk lqglylgxdo xqlrq
shufhlyhv wkdw lw fdq lpsrvh vrph lq dwlrq rq wkh rwkhu xqlrqv/ uhgxflqj wkhlu uhdo zdjhv1 Wklv lv
gxh wr wkh xqfrruglqdwhg qdwxuh ri wkh edujdlqlqj surfhvv1 Wkhvh shufhswlrqv gr qrw pdwhuldol}h
lq d udwlrqdo h{shfwdwlrqv htxloleulxp +l1h1 qr xqlrq lv vxusulvhg e| wkh rwkhu xqlrqv* lq dwlrq,1
Krzhyhu/ fhqwudo edqn frqvhuydwlvp dhfwv htxloleulxp hpsor|phqw ehfdxvh lw lq xhqfhv hdfk
xqlrq*v dvvhvvphqw ri wkh hpsor|phqw frqvhtxhqfhv ri ghyldwlqj iurp wkh htxloleulxp vwudwhj|1
6D uhodwhg vwudqg ri olwhudwxuh vkrzv wkdw prqhwdu| srolf| fdq kdyh uhdo hhfwv zkhq xqlrqv
d u hl q  d w l r qd y h u v h+ v h hi r r w q r w h7l qF x n l h u p d qd q gO l s s l /4 < < < , 1
7Kroghq +4<<<, dqg Vrvnlfh dqg Lyhuvhq +4<<<, vwxg| wkh hpsor|phqw hhfwv ri dowhuqdwlyh
prqhwdu| srolf| uxohv1 Wkrvh sdshuv/ zkloh xvhixo wr xqghuvwdqg wkh hhfw ri dq h{rjhqrxvo|
jlyhq srolf| uxoh rq hfrqrplf rxwfrphv/ devwudfw iurp wkh wlph0frqvlvwhqf| sureohp wr zklfk
vxfk uxohv duh vxemhfw1
8Lq rxu sdshu lw lv dvvxphg wkdw wkh fhqwudo edqn frqwurov wkh lq dwlrq udwh gluhfwo|1 Frulfhool/
Fxnlhupdq dqg Gdopd}}r surylgh d pruh uhdolvwlf ghvfulswlrq ri wkh prqhwdu| wudqvplvvlrq e|
dvvxplqj wkh fhqwudo edqn frqwurov wkh prqh| vxsso|1
7wr uhodwh vrph lpsruwdqw ihdwxuhv ri wkh srolf| jdph/ vxfk dv wkh srolf|pdnhuv*
lqfhqwlyhv wr lq dwh dqg wkh zdjh vhwwhuv* uhdo zdjh djjuhvvlyhqhvv/ wr lghqwldeoh
whfkqrorjlfdo dqg suhihuhqfh sdudphwhuv +h1j1 wkh ghjuhh ri vxevwlwxwdelolw| ri
lqsxwv lq surgxfwlrq dqg wkh frqvxpswlrq2ohlvxuh suhihuhqfhv,1
D pdlq uhvxow ri wkh dqdo|vlv frqvlvwv lq wkh lghqwlfdwlrq ri d vhw ri dvvxps0
wlrqv xqghu zklfk wkh fhqwudo edqn lq dwlrq dyhuvlrq pd| kdyh d shupdqhqw hhfw
rq hpsor|phqw1 Wklv txdolhv Urjr*v sursrvlwlrq wkdw zhoiduh fdq eh lpsuryhg
e| ghohjdwlqj prqhwdu| srolf| wr d fhqwudo edqn wkdw dwwdfkhv d juhdwhu zhljkw
wr lq dwlrq wkdq wkh jryhuqphqw1 Zkhq zdjh vhwwhuv duh dwrplvwlf/ Urjr*v
sursrvlwlrq uhpdlqv wuxh1 Zlwk qrq0dwrplvwlf zdjh vhwwhuv/ krzhyhu/ wkh zhoiduh
hhfwv ri dq frqvhuydwlyh fhqwudo edqnhu ghshqg rq klv2khu hpsor|phqw hhfwv1
Iru lqvwdqfh/ zkhq frqvhuydwlvp kdv d qhjdwlyh hhfw rq hpsor|phqw dqg wkh
jryhuqphqw lqwhuhvw lq lq dwlrq lv vx!flhqwo| orz/ lw pd| eh rswlpdo wr dssrlqw
d fhqwudo edqn wkdw dwwdfkhv d vpdoohu zhljkw wr lq dwlrq wkdq wkh jryhuqphqw1
Suholplqdu| hylghqfh frqupv wkdw wkh frqvhuydwlvp ri wkh prqhwdu| uxoh kdv d
+ghwulphqwdo, hhfw rq wkh dyhudjh hpsor|phqw lq frqwlqhqwdo Hxurshdq frxq0
wulhv/ zkhuh zdjh edujdlqlqj lv frqgxfwhg e| odujh xqfrruglqdwhg wudgh xqlrqv/
zkloh lw kdv qr hhfw rq hpsor|phqw lq wkh Dqjor0Vd{rq frxqwulhv +fi1 Fxnlhupdq
dqg Olssl/ 4<<<,1
Wkh rujdql}dwlrq ri wkh sdshu lv wkh iroorzlqj1 Wkh hohphqwv ri wkh prgho
duh suhvhqwhg lq wkh qh{w vhfwlrq1 Htxloleulxp vwudwhjlhv dqg rxwfrphv xqghu
glvfuhwlrqdu| srolf| duh ghulyhg lq Vhfwlrq 61 Wkh hpsor|phqw hhfwv ri prqh0
wdu| srolf| duh ghvfulehg lq Vhfwlrq 71 Wkh rswlpdo prqhwdu| srolf| ghohjdwlrq
dqg wkh rswlpdo +wlph0lqfrqvlvwhqw, srolf| duh dqdo|}hg lq Vhfwlrq 8 dqg 9/ uh0
vshfwlyho|1 Wkh urexvwqhvv ri wkh uhvxowv zlwk uhvshfw wr dowhuqdwlyh dvvxpswlrqv
derxw xqlrqv* ehkdylru lv suhvhqwhg lq vhfwlrq :1 Wklv lv iroorzhg e| frqfoxglqj
uhpdunv1
851 Wkh Prgho
Zh frqvlghu dq hfrqrp| lq zklfk d vlqjoh frqvxpswlrq jrrg fdq eh surgxfhg xv0
lqj lpshuihfwo| vxevwlwxwdeoh oderu lqsxwv/ dv lq Jx}}r dqg Yhodvfr +4<<<,1 Wkh
hfrqrp| lv srsxodwhg e| d surw0pd{lpl}lqj frpshwlwlyh uhsuhvhqwdwlyh up dqg
d frqwlqxxp ri v|pphwulf zrunhuv +lqgh{hg e|  dqg duudqjhg lq wkh xqlw lqwhu0
ydo, zkr vxsso| oderu/ uhfhlyh glylghqgv iurp wkh up/ dqg frqvxph1 Zrunhuv
duh rujdql}hg lq ?   xqlrqv/ lqgh{hg e| / hdfk ri zklfk kdv d vhw ri phpehuv
ri phdvxuh ?3￿ rq zkrvh ehkdoi lw vhwv qrplqdo zdjhv1 Wkhuh duh wzr lpsruwdqw
glhuhqfhv zlwk uhvshfw wr Jx}}r dqg Yhodvfr= uvw/ zh dvvxph wkh xqlrqv* vwudwh0
jlf yduldeoh lv wkh qrplqdo zdjh/ zkloh wkh| lpsolflwo| dvvxph wkdw xqlrqv fkrrvh
wkh uhdo zdjh1 Vhfrqg/ zh dvvxph wkdw xqlrqv duh qrw lqwhuhvwhg lq lq dwlrq shu
vh19
D wzr0vwdjh jdph lv frqvlghuhg1 Lq wkh uvw vwdjh xqlrqv fkrrvh wkh qrplqdo
zdjhv ri wkhlu phpehuv vlpxowdqhrxvo|/ nqrzlqj wkh vxevhtxhqw uhdfwlrq ri prq0
hwdu| srolf|1 Wkh Qdvk htxloleulxp ri wklv zdjh0vhwwlqj jdph |lhogv wkh hfrqrp|0
zlgh qrplqdo zdjh jurzwk1 Diwhu revhuylqj wklv rxwfrph/ prqhwdu| srolf| slfnv
lq dwlrq lq wkh vhfrqg vwdjh1 Ilqdoo|/ hpsor|phqw dqg rxwsxw duh fkrvhq e| wkh
upv diwhu revhuylqj wkh qhjrwldwhg qrplqdo zdjhv dqg wkh udwh ri lq dwlrq1 Wkh
jdph lv vroyhg e| edfnzdug lqgxfwlrq1
9Zh sxusrvho| devwudfw iurp wkh xqlrqv* lq dwlrq dyhuvlrq ehfdxvh rqh ri rxu pdlq srlqwv
lv wr vkrz wkdw/ hyhq lq wklv fdvh/ prqhwdu| srolf| frqvhuydwlvp pd| dhfw uhdo rxwfrphv zkhq
wkh xqlrqv* fkrlfh yduldeoh lv wkh qrplqdo zdjh1 Dv vkrzq e| Olssl +4<<<, wklv uhvxow grhv qrw
rffxu lq Jx}}r dqg Yhodvfr +4<<<, gxh wr wkhlu lpsolflw dvvxpswlrq ri uhdo zdjh edujdlqlqj/
xqghu zklfk hdfk xqlrq*v fkrlfh ri lwv uhdo zdjh grhv qrw dhfw wkh uhdo zdjhv ri wkh rwkhu
xqlrqv e| dvvxpswlrq1
Dowhuqdwlyho|/ wkh prgho frxog eh irupxodwhg lq whupv ri jrrgv* ydulhwlhv/ dv lq Gl{lw dqg
Vwljolw} +4<::, ru Frulfhool/ Fxnlhupdq dqg Gdopd}}r +4<<<,1
95141 Wkh Ilup
Wkh uhsuhvhqwdwlyh up lv sulfh wdnhu lq erwk wkh rxwsxw dqg wkh lqsxw pdunhwv1










c f 	k	 cj: +514,
zkhuh u￿ lv wkh oderu lqsxw vxssolhg e| zrunhu 1 Wkh sdudphwhu j lv wkh hodvwlflw|
ri vxevwlwxwlrq dprqj wkh glhuhqw w|shv ri oderu/ dqg k lv d uhwxuqv wr vfdoh
sdudphwhu1 Li doo zrunhuv vxsso| wkh vdph txdqwlw| ri oderu +u￿ ' u,/ dv zloo eh
wkh fdvh lq htxloleulxp/ wkhq t ' uk1 Wkh up pd{lpl}hv surwv




vxemhfw wr +514,/ wdnlqj uhdo zdjhv +`￿, dv jlyhq1 Wkh vroxwlrq wr wklv sureohp
























zklfk vkrzv wkdw rxwsxw lv ghfuhdvlqj lq wkh djjuhjdwh uhdo zdjh1 Lw lv dvvxphg
wkdw upv glvwulexwh surwv hyhqo| dprqj doo ri wkh zrunhuv1 Ghqrwlqj glylghqgv
sdlg wr zrunhu  e| (￿/ lq htxloleulxp zh kdyh





E  k +519,
5151 Zrunhuv dqg Xqlrqv
Zrunhuv hduq zdjh lqfrph dqg upv* surwv lq wkh irup ri glylghqgv1 Zrunhu *v





2 c : k +51:,
zkhuh  lv d suhihuhqfh sdudphwhu dqg ￿ dqg u￿ duh/ uhvshfwlyho|/ frqvxpswlrq
dqg oderu0vxssolhg e| lqglylgxdo 1 Htxdwlrq +51:, srvwxodwhv wkdw lqglylgxdov
ghulyh xwlolw| iurp frqvxpswlrq dqg ohlvxuh1:
Hdfk xqlrq  lv dvvxphg wr pd{lpl}h wkh zhoiduh ri d vhw ri zrunhuv ri pdvv





Qrwh wkdw wkh xqlrq zloo wdujhw wkh vdph xwlolw| ohyho iru hdfk ri lwv phpehuv vlqfh
zrunhuv* suhihuhqfhv/ wkh zd| wkhlu oderu hqwhuv lqwr wkh up*v whfkqrorj|/ dqg wkh
zhljkwv wkh xqlrq sodfhv rq wkh zrunhuv* zhoiduh/ duh lghqwlfdo1 Lq wkh vshfldo fdvh
lq zklfk wkh qxpehu ri xqlrqv jrhv wr lqqlw| hdfk xqlrq frlqflghv zlwk d zrunhu1
Lq jhqhudo/ krzhyhu/ wkh whfkqrorj| +l1h1 wkh qxpehu ri oderu ydulhwlhv hqwhulqj
wkh surgxfwlrq ixqfwlrq, dqg wkh vwuxfwxuh ri edujdlqlqj +wkh qxpehu ri xqlrqv,
pd| ydu| lqghshqghqwo| ri hdfk rwkhu1
:Wzr frqglwlrqv kdyh wr eh vdwlvhg e| wkh xwlolw| ixqfwlrq1 Wkh uvw lv wkdw zrun surgxfhv
glvxwlolw| +CXl








+4orjOl, ? 3> uhtxlulqj orjOl ? 4,1 Wkh dvvxpswlrq Alpsolhv wkdw
lq htxloleulxp 3 ? orjOl ? 4 +vhh vxevhfwlrq 616, dqg khqfh wkdw erwk frqglwlrqv duh vdwlvhg1
;Vlqfh oderu ydulhwlhv hqwhu wkh surgxfwlrq ixqfwlrq v|pphwulfdoo|/ lw grhv qrw pdwwhu iru wkh
uhvxowv zkhwkhu wkh zrunhuv ri xqlrq m olh frqwljxrxvo| ru qrw1
;Wzr htxdwlrqv duh qhhghg wr vwxg| wkh xqlrqv* sureohp1 Wkh uvw lv wkh
h{suhvvlrq iru wkh ghpdqg ri oderu w|sh / rewdlqhg iurp wkh rswlpl}lqj ehkdylru










Wkh vhfrqg htxdwlrq lv wkh uhsuhvhqwdwlyh zrunhu*v exgjhw frqvwudlqw








￿3k n (￿ +5143,
Lw lv k|srwkhvl}hg wkdw xqlrqv/ qr pdwwhu krz odujh/ wdnh (￿ dv jlyhq zkhq vhwwlqj
zdjhv1<





zkhuh Z lv lq dwlrq dqg /￿ lv wkh shufhqw lqfuhdvh lq wkh qrplqdo zdjh ri zrunhu
143 Lw lv dvvxphg wkdw wkh xqlrqv* fkrlfh yduldeoh lv wkh jurzwk ri wkh qrplqdo
zdjhv ri lwv phpehuv1 Lghqwlfdo uhvxowv duh rewdlqhg li wkh xqlrqv* fkrlfh yduldeoh
lv wkh qrplqdo zdjh ohyho144 Zh vxevwlwxwh htxdwlrq +5144, lqwr +517, wr h{suhvv












Ohw /￿ eh wkh qrplqdo zdjh jurzwk ri wkh zrunhuv ri xqlrq  Wklv lv lghqwlfdo
<Lq vhfwlrq : lw lv vkrzq wkdw qhlwkhu wkh dvvxpswlrq wkdw xqlrqv lqwhuqdol}h wkh htxloleulxp
hhfw ri zdjhv rq rxwsxw +zklfk lv xvhg lq htxdwlrq 51<, qru wkh h{rjhqhlw| ri glylghqgv/ duh
qhfhvvdu| iru wkh qrq0vxshuqhxwudolw| wr rffxu1
43Wkh suhylrxv shulrg uhdo zdjh lv qrupdol}hg wr xqlw| zlwkrxw orvv ri jhqhudolw| vlqfh htxl0
oleulxp rxwfrphv gr qrw ghshqg rq lw +vhh vhfwlrq 616,1
44Vlqfh wkh suhylrxv shulrg qrplqdo zdjh grhv qrw dhfw htxloleulxp rxwfrphv +vhh vhfwlrq
616, dqg qrplqdo zdjh fkdqjhv duh frvwohvv iru wkh xqlrq1
<dfurvv doo zrunhuv ri xqlrq  vlqfh/ dv zh phqwlrqhg/ wkh xqlrq wdujhwv wkh vdph
xwlolw| ohyho iru hdfk ri wkhp1 Htxdwlrq +5145, lpsolhv wkdw/ lq d v|pphwulf htxl0
oleulxp/ _/
_/￿ ' ￿
?145 Khqfh/ xqlrq  shufhlyhv wkdw wkh jurzwk ri wkh qrplqdo zdjhv
ri lwv phpehuv lqfuhdvhv djjuhjdwh qrplqdo zdjh jurzwk e| d idfwru ri *?/z k l f k
lv gluhfwo| uhodwhg wr wkh xqlrq*v vl}h1
5161 Wkh Fhqwudo Edqn









2 cq : f +5146,
zkhuh ZW lv wkh lq dwlrq remhfwlyh ri wkh fhqwudo edqn dqg wkh sdudphwhu q phd0
vxuhv lwv ghjuhh ri lq dwlrq dyhuvlrq uhodwlyh wr wkh rwkhu remhfwlyhv +frqvxpswlrq
dqg ohlvxuh,1 Qrwh wkdw wkh fhqwudo edqn remhfwlyhv glhu iurp wkh lqglylgxdo
xqlrq*v remhfwlyhv lq wkdw wkh fhqwudo edqn dffrxqwv iru doo zrunhuv lq wkh hfrq0
rp| dqg wkdw lw dovr fduhv derxw lq dwlrq146 Ilqdoo|/ wkh fhqwudo edqn grhv qrw
wdnh (￿ dv jlyhq zkhq fkrrvlqj prqhwdu| srolf|1 Uhsodflqj wkh h{suhvvlrq iru wkh















￿ 3 k +5147,





l5m+4  ,+4 . $l,￿￿gl @ 4
q+ 4.$
4.$m,￿ zkhuh wkh odvw htxdolw| krogv vlqfh wkh zdjhv ri
xqlrq m*v zrunhuv duh lghqwlfdo1 Lq d v|pphwulf htxloleulxp/ zkhuh wkh zdjhv ri doo xqlrqv duh
lghqwlfdo/ wkhq $ @ $m dqg g$
g$m @ 4
q=
46Dv dujxhg e| Zrrgirug +4<<<,/ wkh fhqwudo edqn frqfhuq zlwk lq dwlrq pljkw eh mxvwlhg/
lq d zd| frqvlvwhqw zlwk wkh lqglylgxdo xwlolwlhv uhsuhvhqwhg e| htxdwlrq +51:,/ e| wkh h{lvwhqfh
ri dv|qfkurqrxv sulfh0vhwwlqj uxohv1 Lq vxfk d fdvh lq dwlrq lqfuhdvhv wkh ghdgzhljkw orvvhv
dvvrfldwhg zlwk uhodwlyh sulfh glvwruwlrqv1 Iroorzlqj Zrrgirug*v prgho/ rqh pljkw wkxv exlow d
ixoo| plfurirxqghg prgho zkhuh wkh fhqwudo edqn remhfwlyhv/ lq whupv ri frqvxpswlrq/ ohlvxuh
dqg lq dwlrq/ duh frqvlvwhqwo| ghulyhg iurp lqglylgxdo xwlolwlhv1 Wklv lv qrw grqh khuh lq rughu wr
nhhs wkh prgho vlpsoh/ dv wkdw zrxog uhtxluh wkh prgholqj ri d vwdjjhuhg zdjh0vhwwlqj surfhvv1
435171 D Ehqfkpdun= Wkh Frppdqg Hfrqrp|
D xvhixo ehqfkpdun iru ixwxuh frpsdulvrqv lv surylghg e| wkh htxloleulxp hpsor|0
phqw dqg lq dwlrq wkdw zrxog eh fkrvhq e| d ehqhyrohqhqw sodqqhu/ zkr vhwv uhdo
zdjhv dqg lq dwlrq wr pd{lpl}h wkh zhoiduh ri zrunhuv dqg ri wkh fhqwudo edqn1
Lw lv wulyldo wr vhh wkdw wkh rswlpdo lq dwlrq udwh lv ZW vlqfh lq dwlrq grhv qrw hq0
whu wkh zrunhuv* xwlolw| gluhfwo|1 Wkh rswlpdo uhdo zdjh +dqg khqfh hpsor|phqw,
lv rewdlqhg iurp wkh pd{lpl}dwlrq ri +51:, vxemhfw wr wkh +h!flhqw, whfkqrorj|
++516, dqg +518,,1 Wkh vroxwlrq wr wklv surehop vkrzv wkdw wkh hpsor|phqw ohyho
wkdw pd{lpl}hv wkh zrunhuv* zhoiduh lv *L}u ' k
￿/ zklfk fruuhvsrqgv wr d uhdo
zdjh +htxdo dfurvv doo zrunhuv, ri ` '* L }kk
￿E  k1
61 Htxloleulxp Vwudwhjlhv xqghu Glvfuhwlrqdu| Srolf|
6141 Wkh Prqhwdu| Srolf| Uhdfwlrq Ixqfwlrq wr Qrplqdo Zdjhv
Wkh fhqwudo edqn sureohp dprxqwv wr pd{lpl}lqj +5146, zlwk uhvshfw wr Z vxemhfw
wr +51<, dqg +5147,/ wdnlqj qrplqdo zdjhv dv jlyhq1 Wkh vroxwlrq wr wklv sureohp








2 q n 
+614,
zklfk lv wkh uhdfwlrq ixqfwlrq idfhg e| wkh xqlrqv zkhq vhwwlqj qrplqdo zdjhv1
Htxdwlrq +614, fdswxuhv wkh lqfhqwlyh sureohp idfhg e| wkh fhqwudo edqn= lq d
v|pphwulf htxloleulxp +zkhuh /￿ ' / iru doo ,/ lq dwlrq htxdov wkh ghvluhg ohyho
ZW li qrplqdo zdjhv vdwlvi| / ' ` JR| n ZWc zkhuh ` JR|  *L}k  k
￿E  k lv wkh
uhdo zdjh dw zklfk wkh rswlpdo hpsor|phqw ohyho rffxuv +*L}u ' k
￿( vhh vxevhfwlrq
517,1 Lqwxlwlyho|/ wklv vkrzv wkdw li qrplqdo zdjhv duh frqvlvwhqw zlwk wkh rswlpdo
hpsor|phqw ohyho dqg zlwk wkh rswlpdo lq dwlrq udwh/ wkhq lw zloo eh rswlpdo iru
44wkh fhqwudo edqn wr fkrrvh wkh lq dwlrq udwh ZW Exw li qrplqdo zdjhv duh deryh
wkh rswlpdo ydoxh +` JR| n ZW,/ wkhq htxloleulxp lq dwlrq lv kljkhu wkdq ghvluhg1
Wklv hhfw lv gxh wr wkh wlph0lqfrqvlvwhqf| ri wkh rswlpdo prqhwdu| srolf|/ vlqfh
iru /:` JR| n ZW wkh uhdo zdjh lv deryh lwv rswlpdo ohyho dw Z ' ZWc khqfh wkh
fhqwudo edqn kdv dq lqfhqwlyh wr udlvh lq dwlrq deryh ZW l qr u g h uw ru h g x f hw k h
uhdo ydoxh ri zdjhv/ dv lq N|godqg dqg Suhvfrww +4<::, dqg Eduur dqg Jrugrq
+4<;6,1 Qdwxudoo|/ e| krz pxfk lq dwlrq lqfuhdvhv deryh ZW li qrplqdo zdjhv duh
deryh wkhlu lghdo wdujhw ghshqgv rq wkh fhqwudo edqn lq dwlrq dyhuvlrq q dqg rq
wkh uhdo zdjh hodvwlflw| ri oderu ghpdqg + ￿
￿3k,1
Nh| wr rxu uhvxowv lv wkdw d qrq0dwrplvwlf xqlrq shufhlyhv wkdw wkh jurzwk ri
lwv qrplqdo zdjhv +/￿> l1h1 doo wkh /￿ frqwuroohg e| xqlrq , udlvhv lq dwlrq/ lq d
zd| zklfk lv ghwhuplqhg e| +614,1 Wkh shufhlyhg lpsdfw hhfw ri /￿ rq wkh udwh
ri lq dwlrq/ hydoxdwhg dorqj wkh uhdfwlrq ixqfwlrq +614, zkloh wdnlqj wkh qrplqdo
zdjhv ri rwkhu xqlrqv +odeho wkrvh /3￿,d vj l y h q /l v
_Z
_/￿







2 q n 
l  rEqc? 5 Efc +615,
z k l f kz ho d e h or47 Lw dsshduv wkdw wkh lpsdfw hhfw ghshqgv rq wkh fhqwudo edqn
lq dwlrq dyhuvlrq q dqg rq wkh vl}h ri wkh xqlrq1 Dwrplvwlf xqlrqv +? $4 ,
shufhlyh wkhlu lpsdfw rq lq dwlrq +r, lv }hur1 D qrq0dwrplvwlf xqlrq/ krzhyhu/
shufhlyhv wkdw dq lqfuhdvh lq lwv qrplqdo zdjhv lqfuhdvhv wkh lq dwlrq udwh +r:f ,/
dqg wkdw wklv lqfuhdvh lv vpdoohu li wkh fhqwudo edqn lv pruh lq dwlrq dyhuvh +kljkhu
q,1
47Htxdwlrq +615, jlyhv wkh lpsdfw hhfw ri $m rq lq dwlrq hydoxdwhg dw d v|pphwulf htxlole0
ulxp/ zkhuh doo zdjhv duh lghqwlfdo1 Wklv lpsolhv wkdw lq wkh ghulydwlyh ri +614, zlwk uhvshfw wr
$m wkh whup g
g$m
kU 4
3 +$l  $,gl
l
l vh t x d ow r} h u r 1
Zh dvvxph v|pphwu| ehfdxvh odwhu zh zloo dqdo|}h hdfk xqlrq*v lqfhqwlyh wr ghyldwh iurp d
v|pphwulf Qdvk htxloleulxp ri wkh zdjh vhwwlqj jdph1 Lqghhg/ zh zloo vkrz wkdw rqh v|pphwulf
htxloleulxp h{lvwv1 Wkh lvvxh ri zkhwkhu wkhuh duh rwkhu dv|pphwulf htxloleuld lv qrw frqvlghuhg
khuh1
456151 Zdjh Vhwwlqj
Wkh sureohp vroyhg e| wkh w|slfdo xqlrq  xqghu vlpxowdqhrxv zdjh edujdlqlqj
lv wr pd{lpl}h +51;, zlwk uhvshfw wr /￿/ vxemhfw wr +51<,/ +5143, dqg +614,/ wdnlqj
/3￿ dv jlyhq1 Wkh uvw rughu frqglwlrq ri wkh w|slfdo xqlrq sureohp lpsolhv








+vhh Dsshqgl{ E,1 Htxdwlrq +616, lqglfdwhv wkdw dq
lqfuhdvh lq wkh qrplqdo zdjhv ri xqlrq  kdv wzr rssrvhg hhfwv rq wkh xwlolw| ri
zrunhuv= rq wkh rqh kdqg/ lw ghfuhdvhv xwlolw| vlqfh lw uhgxfhv frqvxpswlrq148 Rq
wkh rwkhu kdqg/ lw lqfuhdvhv xwlolw| vlqfh lw udlvhv ohlvxuh1 Htxdwlrq +616, vkrzv wkdw
xqlrq  wudghv r wkrvh pdujlqdo ehqhwv dqg frvwv/ zkhq fkrrvlqj /￿c dffruglqj
wr lwv suhihuhqfhv derxw frqvxpswlrq yhuvxv ohlvxuh/ fdswxuhg e| wkh suhihuhqfh
sdudphwhu 1
Lw lv frqyhqlhqw iru wkh suhvhqwdwlrq ri wkh uhvxowv wr pds wkh xqlrq*v qrplqdo
zdjh fkrlfhv lqwr wkh fruuhvsrqglqj uhdo hhfwv lq whupv ri `￿1W k l vl vg r q he |




wkdw wkh oderu ghpdqg hodvwlflw| zlwk uhvshfw wr uhdo zdjhv/ iru jlyhq qrplqdo












_*L}‘￿ ' 1 ￿
￿3r/
wkh uvw rughu frqglwlrq fdq eh uhzulwwhq dv
kd  #on#*L}u￿ 'f +617,
zkhuh wkh hodvwlflw| ri wkh oderu ghpdqg lv +vhh Dsshqgl{ F,
48D zdjh lqfuhdvh uhgxfhv wkh uhvrxufhv dydlodeoh iru frqvxpswlrq/ vlqfh wkh uhgxfwlrq lq oderu
ghpdqg lv odujhu wkdq wkh lqfuhdvh lq wkh uhdo zdjh +dv uhyhdohg e| wkh idfw wkdw 4v?3 ,1
49Wklv fdq eh grqh vlqfh v?4iru doo sdudphwhuv frqjxudwlrqv> wkh dssur{lpdwlrq orjZm @















E  k2q n 
?
?3￿E  k2q n 
5 Ec4
+618,
zklfk zloo eh xvhixo wr suhvhqw dqg lqwhusuhw htxloleulxp rxwfrphv1
6161 Htxloleulxp Rxwfrphv xqghu Glvfuhwlrqdu| Srolf|
Vlqfh xqlrqv duh lghqwlfdo/ zh irfxv rq d v|pphwulf htxloleulxp +zkhuh u￿ ' u
iru doo  ' cc?1 Htxloleulxp hpsor|phqw lv wkxv rewdlqhg iurp wkh xqlrqv*










Hpsor|phqw lv lqfuhdvlqj lq wkh hodvwlflw| ri oderu ghpdqg/ #cl1h1 lw lv lqyhuvho|











zklfk lv wkh htxloleulxp udwh ri lq dwlrq wkdw rffxuv xqghu glvfuhwlrqdu| prqhwdu|
srolf|1 Htxdwlrq +61:, vkrzv wkdw orzhu htxloleulxp hpsor|phqw ohdgv wr kljkhu
lq dwlrq/ gxh wr wkh zhoo nqrzq N|godqg dqg Suhvfrww +4<::, dqg Eduur dqg
Jrugrq +4<;6, wlph0lqfrqvlvwhqf| sureohp ri wkh rswlpdo prqhwdu| srolf|= d
vxerswlpdo hpsor|phqw ohyho jlyhv wkh fhqwudo edqn dq lqfhqwlyh wr uhgxfh uhdo
zdjhv e| phdqv ri vxusulvh lq dwlrq zklfk/ lq htxloleulxp/ ohdgv wr dq lq dwlrqdu|
eldv/ l1h1 dq lq dwlrq udwh kljkhu wkdq wkh rqh rewdlqhg xqghu wkh rswlpdo +wlph0
lqfrqvlvwhqw, prqhwdu| srolf| +vhh vhfwlrq 8,1 Vlqfh hpsor|phqw lv srvlwlyho|
4:Dqdo|wlfdo uhvxowv iru wkh rxwsxw ohyho fdq eh rewdlqhg qrwlqj wkdw lq d v|pphwulf htxloleulxp
orj\ @ orjO=
47uhodwhg wr wkh hodvwlflw| ri oderu ghpdqg/ htxdwlrq +61:, hvwdeolvkhv dq lqyhuvh
fruuhodwlrq ehwzhhq lq dwlrq dqg wkh oderu ghpdqg hodvwlflw|1
6171 Zhoiduh
Wkhuh duh wzr vrxufhv ri lqh!flhqf| lq wklv prgho1 Wkh uvw lv wkdw xqlrqv kdyh
prqrsrolvwlf srzhu +zkhq #	4 ,1 Wkh vhfrqg lv wkdw wkh| wdnh glylghqgv
dv jlyhq zkhq vhwwlqj zdjhv1 Uhsodflqj htxloleulxp rxwfrphv lqwr wkh zrunhuv*
zhoiduh ixqfwlrq lw dsshduv wkdw zhoiduh lv dq lqfuhdvlqj ixqfwlrq ri wkh oderu
ghpdqg hodvwlflw|/ #1 Wkh vdph lv wuxh ri wkh fhqwudo edqn zhoiduh14; Wkxv/
wkh h{suhvvlrq ￿
# phdvxuhv krz idu wkh hfrqrp| lv iurp wkh rswlpxp1 Wkh uvw
ehvw lv dfklhyhg zkhq wkh hodvwlflw| lv lqqlwh +# $4 , vr wkdw xqlrqv kdyh qr
prqrsrolvwlf srzhu dqg wkh rswlpdo hpsor|phqw ohyho/ *L}u ' k
￿/l vd f k l h y h g 1L q
wklv fdvh/ pruhryhu/ wkh lq dwlrqdu| eldv ri prqhwdu| srolf| glvdsshduv vlqfh wkh
fhqwudo edqn*v lqfhqwlyh wr lq dwh ydqlvkhv/ dqg lq dwlrq lv htxdo wr wkh ghvluhg
udwh/ ZW Zh vxppdul}h wkh qglqjv ri wklv vhfwlrq lq=
Sursrvlwlrq 41  Li qrq0dwrplvwlf xqlrqv zlwk prqrsro| srzhu vhw qrplqdo
zdjhv lq dq xqfrruglqdwhg pdqqhu wkhq hpsor|phqw lv orzhu wkdq lwv rswlpdo
ohyho1
 Li/ lq dgglwlrq wr / prqhwdu| srolf| lv glvfuhwlrqdu|/ wkh hfrqrp| lv vxemhfw
wr dq lq dwlrqdu| eldv1
 Dq lqfuhdvh lq wkh hodvwlflw| ri oderu ghpdqg udlvhv hpsor|phqw dqg uh0
gxfhv lq dwlrq/ lqfuhdvlqj wkh zhoiduh ri erwk wkh zrunhuv dqg wkh prqhwdu| dx0
wkrulwlhv1






> wkdw ri wkh







4871 Vwudwhjlf Qrq0Qhxwudolwlhv ri Prqhwdu| Srolf|
Wkh qryho ihdwxuh ri wkh prgho lv wkdw wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn/ q/
dhfwv uhdo yduldeohv/ ehfdxvh lw dhfwv wkh hodvwlflw| ri oderu ghpdqg zlwk uhvshfw
wr wkh uhdo zdjh1 Lq wklv vhfwlrq/ zh uvw h{sodlq zk| wkh hodvwlflw| ghshqgv rq
wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn1 Wklv lv xvhg wr dqdo|}h wkh hhfwv
ri prqhwdu| srolf| rq hpsor|phqw +vxevhfwlrq 715, dqg rq lq dwlrq +vxevhfwlrq
716,1 Lq vxevhfwlrq 717 zh frqvlghu krz wkh lvvxh ri prqhwdu| srolf| ghohjdwlrq
wr d frqvhuydwlyh fhqwudo edqn/ uvw vwxglhg e| Urjr +4<;8,/ lv dhfwhg e| wkh
suhvhqfh ri qrq0dwrplvwlf xqlrqv1 Wkh dqdo|vlv ri wkh hpsor|phqw hhfw ri ydu|lqj
wkh qxpehu ri xqlrqv frqfoxghv wklv vhfwlrq1
7141 Hhfwv rq wkh Hodvwlflw| ri Oderu Ghpdqg
Wr xqghuvwdqg zk| wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn lq xhqfhv wkh hodv0
wlflw| ri oderu ghpdqg/ ohw xv dqdo|}h wkh lpsdfw hhfw ri d xqlw lqfuhdvh lq wkh
uhdo zdjhv ri xqlrq  rq wkh djjuhjdwh uhdo zdjh `/ iru jlyhq qrplqdo zdjhv ri
wkh rwkhu xqlrqv +/3￿,1 Wkh djjuhjdwh uhdo zdjh h{suhvvlrq +517,/ dqg wkh fhqwudo

























Lw dsshduv iurp +714, wkdw wkh lpsdfw hhfw ri d xqlw lqfuhdvh lq `￿ rq wkh
djjuhjdwh uhdo zdjh +`, lv jlyhq e| wzr whupv= wkh uvw whup +*?, lv wkh gluhfw
lpsdfw ri wkh zdjhv ri xqlrq  rq wkh djjuhjdwh zdjh/ zklfk lv sursruwlrqdo wr
wkh vl}h ri xqlrq 1 Wkh vhfrqg whup lv wkh hhfw wkdw dq lqfuhdvh lq `￿ h{huwv rq
` ehfdxvh lw uhgxfhv wkh uhdo zdjhv ri wkh rwkhu xqlrqv1 Vlqfh d xqlw lqfuhdvh lq
wkh qrplqdo zdjhv ri xqlrq  lqfuhdvhv lq dwlrq e| r/ wkhq d xqlw lqfuhdvh lq wkh
49uhdo zdjhv ri xqlrq  lqfuhdvhv lq dwlrq e| r
￿3r xqlwv1 Khqfh wkh rwkhu xqlrqv* uhdo
zdjhv idoo e| wkh vdph dprxqw +vhh Dsshqgl{ F,1 Wkh uhgxfwlrq ri wkh djjuhjdwh
uhdo zdjh gxh wr wklv hhfw lv jlyhq e| wkh idoo ri wkh rwkhu xqlrqv* zdjhv + r
￿3r,
wlphv wkhlu zhljkw lq wkh djjuhjdwh uhdo zdjh +?3￿
? ,1 Vlpsoh dojheud uhyhdov wkdw
wkh lpsdfw ri `￿ rq ` lv srvlwlyh1
Lw lv lpsruwdqw iru rxu sxusrvhv wr qrwh wkdw wkh vl}h ri wklv lpsdfw ghshqgv
rq wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn1 Lq idfw/ wkh ohvv dffrpprgdwlyh wkh
fhqwudo edqn +wkh kljkhu q,/ wkh orzhu lv wkh lpsdfw rq lq dwlrq shufhlyhg e| xqlrq
 +vhh htxdwlrq 615,1 Khqfh/ dv vkrzhg e| htxdwlrq +714,/ wkh shufhlyhg lpsdfw ri
d xqlrq*v uhdo zdjh rq wkh djjuhjdwh uhdo zdjh lv kljkhu li wkh fhqwudo edqn lv ohvv
dffrpprgdwlyh +l1h1 zkhq r lv vpdoohu,1 Wkhvh qglqjv duh vxppdul}hg lq=
Sursrvlwlrq 51  Wkh lpsdfw hhfw ri d xqlw lqfuhdvh lq wkh uhdo zdjh ri xqlrq
 rq wkh djjuhjdwh uhdo zdjh lv srvlwlyh1
 Li  	?	4wklv lpsdfw lv lqfuhdvlqj lq wkh fhqwudo edqn ghjuhh ri lq dwlrq
dyhuvlrq +q,1
Surri1 Uhsodflqj +615, lqwr +714, wkh lpsdfw hhfw fdq eh h{suhvvhg lq whupv












Wklv suryhv sduw  Li  	?	4 / wklv h{suhvvlrq lv lqfuhdvlqj lq q/ rwkhuzlvh lw
lv frqvwdqw1 Wklv suryhv sduw 
Ohw xv frqvlghu wkh hodvwlflw| ri oderu ghpdqg zlwk uhvshfw wr wkh uhdo zdjh/

























Htxdwlrq +715, vkrzv wkdw wkh lpsdfw rq hpsor|phqw ri d xqlw lqfuhdvh lq
wkh uhdo zdjh ri xqlrq c ghshqgv rq lwv lpsdfw rq wkh djjuhjdwh uhdo zdjh +`,
4:d q gr qw k hu h o d w l y hz d j hw h u p+
‘ ￿
‘,1 Wkh iruphu lpsdfw fdq eh odehoohg wkh
dgyhuvh rxwsxw hhfw> wklv lv gxh wr wkh idfw wkdw dq lqfuhdvh lq `￿ lqfuhdvhv
wkh djjuhjdwh uhdo zdjh/ orzhulqj rxwsxw dqg khqfh ghfuhdvlqj djjuhjdwh oderu
ghpdqg +vhh htxdwlrqv 518 dqg 51<,1 Wkh odwwhu lpsdfw fdq eh odehoohg wkh dgyhuvh
frpshwlwlyhqhvv hhfw> wklv lv gxh wr wkh idfw wkdw d kljkhu `￿ lqfuhdvhv wkh zdjhv
ri xqlrq  uhodwlyh wr wkh zdjhv ri wkh rwkhu xqlrqv/ lqgxflqj upv wr vxevwlwxwh
dzd| iurp wkh oderu ydulhwlhv ri xqlrq 1
Nh| wr wkh qrq0qhxwudolw| lv wkdw erwk wkh dgyhuvh rxwsxw dqg wkh dgyhuvh
frpshwlwlyhqhvv hhfw ghshqg rq wkh fhqwudo edqn lq dwlrq dyhuvlrq +q,1 D kljkhu
q kdv wzr rssrvhg hhfwv= uvw/ lw lqfuhdvhv wkh lpsdfw ri `￿ rq wkh djjuhjdwh
uhdo zdjh +sursrvlwlrq 5,> wklv whqgv wr udlvh wkh hodvwlflw| ri oderu ghpdqg +#,
ehfdxvh lw lqfuhdvhv wkh vl}h ri wkh dgyhuvh rxwsxw hhfw1 Vhfrqg/ d kljkhu q
ghfuhdvhv wkh lpsdfw ri `￿ rq wkh uhodwlyh zdjh whup> wklv kdsshqv ehfdxvh zlwk
d pruh frqvhuydwlyh fhqwudo edqn ohvv lq dwlrq lv dvvrfldwhg wr d xqlw lqfuhdvh lq
`￿ dqg khqfh `3￿ idoov e| ohvv1 Khqfh/ d kljkhu q whqgv wr orzhu wkh hodvwlflw| ri
oderu ghpdqg ehfdxvh lw pdnhv hdfk xqlrq shufhlyh wkdw d xqlw lqfuhdvh lq `￿ lv
dvvrfldwhg zlwk d vpdoohu dgyhuvh frpshwlwlyhqhvv hhfw1
Khqfh/ wkh qdo hhfw ri d kljkhu lq dwlrq dyhuvlrq +q, rq wkh hodvwlflw| ri oderu
ghpdqg ghshqgv rq zkhwkhu wkh lqfuhdvhg dgyhuvh rxwsxw hhfw grplqdwhv
wkh uhgxfhg dgyhuvh frpshwlwlyhqhvv hhfw1 Vlqfh ￿
￿3k lv wkh hodvwlflw| ri wkh
oderu ghpdqg zlwk uhvshfw wr wkh djjuhjdwh uhdo zdjh dqg j lv wkh hodvwlflw|
zlwk uhvshfw wr wkh uhodwlyh zdjh whup/ wkh lqfuhdvh ri wkh dgyhuvh rxwsxw hhfw
grplqdwhv wkh uhgxfwlrq ri wkh dgyhuvh frpshwlwlyhqhvv hhfw zkhq jEk 	 1
Lq vxfk d fdvh/ d kljkhu ghjuhh ri lq dwlrq dyhuvlrq ri wkh fhqwudo edqn udlvhv
wkh hodvwlflw| ri oderu ghpdqg +lq devroxwh ydoxh,/ vlqfh lw udlvhv wkh dgyhuvh
rxwsxw hhfw +dvvrfldwhg zlwk d kljkhu `￿, e| pruh wkdq lw uhgxfhv wkh dgyhuvh
frpshwlwlyhqhvv hhfw1 Wr vhh wklv irupdoo|/ ohw xv dqdo|}h wkh sduwldo ghulydwlyh











2 q n ?3￿
? 
l2 +716,
zklfk ohdgv xv wr
Sursrvlwlrq 61 l1 Iru  	?	4 cwkh lpsdfw hhfw ri wkh fhqwudo edqn lq dwlrq
dyhuvlrq rq wkh hodvwlflw| ri oderu ghpdqg/
_#
_q/ lv srvlwlyh zkhq jEk 	  +l1h1
zkhq wkh dgyhuvh rxwsxw hhfw ri dq lqfuhdvh lq `￿ grplqdwhv wkh dgyhuvh
frpshwlwlyhqhvv hhfw,> lw lv qhjdwlyh rwkhuzlvh +l1h1 zkhq jE  k : ,1
ll1 Iru hlwkhu ? 'ru ? $4 cwkh lpsdfw hhfw lv qlo +
_#
_q 'f ,1
Surri1 Li  	?	4 cwkh vljq ri +716, lv srvlwlyh li jE  k 	 c qhjdwlyh
rwkhuzlvh1 Wklv suryhv sduw  Zkhq rqh ri wkh frqglwlrqv vshflhg xqghu 
krogv/ wkh ghulydwlyh lv htxdo wr }hur1
Wr vxppdul}h/ dq lqwxlwlyh h{sodqdwlrq ri wklv sursrvlwlrq iroorzv1 Wkh lp0
sdfw ri d xqlrq*v uhdo zdjhv rq wkh oderu ghpdqg ghshqgv rq wzr hhfwv= +4, dq
dgyhuvh rxwsxw hhfw/ vlqfh kljkhu uhdo zdjhv ri xqlrq  udlvh wkh djjuhjdwh uhdo
zdjh/ uhgxflqj wkh vfdoh ri surgxfwlrq dqg khqfh oderu ghpdqg> +5, dq dgyhuvh
frpshwlwlyhqhvv hhfw/ vlqfh kljkhu uhdo zdjhv ri xqlrq  lqgxfh upv wr vxevwl0
wxwh wkh oderu ri wkdw xqlrq iru wkh oderu ri rwkhu xqlrqv1 Xqghu d pruh lq dwlrq
dyhuvh fhqwudo edqn/ ohvv lq dwlrq lv fdxvhg e| wkh lqfuhdvh lq wkh zdjhv ri xqlrq >
khqfh wkh rwkhu xqlrqv* uhdo zdjhv idoo e| ohvv1 Wklv zruvhqv wkh dgyhuvh rxwsxw
hhfw +vlqfh lw ohdgv wr d odujhu ulvh lq wkh djjuhjdwh uhdo zdjh, dqg plwljdwhv wkh
dgyhuvh frpshwlwlyhqhvv hhfw +vlqfh wkh uhodwlyh zdjh ehwzhhq xqlrq  dqg lwv
frpshwlwruv lqfuhdvhv e| ohvv,1 Zkhq wkh uvw hhfw lv pruh uhohydqw/ d kljkhu gh0
juhh ri lq dwlrq dyhuvlrq ri wkh fhqwudo edqn udlvhv wkh hodvwlflw| ri oderu ghpdqg1
Wkh rssrvlwh rffxuv li wkh uhodwlyh frpshwlwlyhqhvv hhfw grplqdwhv1
4<7151 Hpsor|phqw Hhfwv ri Fhqwudo Edqn Suhihuhqfhv
D vlpsoh zd| wr irupdoo| kljkoljkw wkh qrq0qhxwudolw| hhfw lv wr vwxg| wkh vljq ri





zklfk ohdgv xv wr=
Sursrvlwlrq 71 l1 Iru  	?	4 cwkh lpsdfw hhfw ri wkh fhqwudo edqn lq dwlrq
dyhuvlrq rq hpsor|phqw/ _u
_q/ lv srvlwlyh zkhq jE  k 	  +l1h1 zkhq wkh dg0
yhuvh rxwsxw hhfw ri dq lqfuhdvh lq `￿ grplqdwhv wkh dgyhuvh frpshwlwlyhqhvv
hhfw,> lw lv qhjdwlyh rwkhuzlvh1
ll1 Iru hlwkhu ? 'ru ? $4 cwkh lpsdfw hhfw lv qlo +_u
_q 'f ,1
lll1 hpsor|phqw lv xquhodwhg wr wkh lq dwlrq wdujhw ri wkh fhqwudo edqn + _u
_ZW '
f,1
Wklv uhvxow lv dq lpphgldwh lpsolfdwlrq ri sursrvlwlrqv 41 dqg 61 Dv vkrzq
lq wkh suhylrxv vxevhfwlrq/ dq lqfuhdvh lq wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn
udlvhv wkh hodvwlflw| ri oderu ghpdqg zkhq wkh dgyhuvh rxwsxw hhfw grplqdwhv
wkh dgyhuvh frpshwlwlyhqhvv hhfw +l1h1 li jEk 	 1 Khqfh/ zkhq wkh ghjuhh
ri vxevwlwxwdelolw| ehwzhhq oderu w|shv +j, lv vx!flhqwo| orz/ d pruh lq dwlrq
dyhuvh fhqwudo edqn lqgxfhv xqlrqv wr shufhlyh d kljkhu oderu ghpdqg hodvwlflw|/
pdnlqj wkhp dlp iru d orzhu uhdo zdjh dqg kljkhu hpsor|phqw1
Qrwh wkdw wkh lpsdfw hhfw ri q rq hpsor|phqw lv }hur lq wkh h{wuhph fdvhv
ri ? 'ru ? $4 1 Wkh vlpsoh h{sodqdwlrq ri wklv lv wkdw lq qhlwkhu fdvh
xqlrqv shufhlyh wkh| fdq dowhu wkh zdjhv ri wkh rwkhu xqlrqv= lq wkh iruphu fdvh
ehfdxvh wkhuh duh qr rwkhu xqlrqv lq wkh hfrqrp|/ lq wkh odwwhu ehfdxvh xqlrqv
duh dwrplvwlf dqg khqfh gr qrw shufhlyh wkh lpsdfw ri wkhlu dfwlrqv rq lq dwlrq
+r 'f ,1
Ixuwkhu/ qrwh wkdw wkh lq dwlrq wdujhw ri wkh fhqwudo edqn +l1h1 lwv ghvluhg
lq dwlrq udwh ZW, grhv qrw dhfw hpsor|phqw/ dv lw dsshduv iurp _u
_ZW 'f Wklv
53kdsshqv ehfdxvh ZW grhv qrw lq xhqfh wkh fhqwudo edqn uhvsrqvh wr d qrplqdo
zdjh lqfuhdvh +r,1 Lq rwkhu zrugv/ ZW lq xhqfhv wkh lqwhufhsw ri wkh fhqwudo edqn
uhdfwlrq ixqfwlrq exw qrw lwv vorsh +lq wkh Zc / sodqh,1 Lw lv rqo| wkh vorsh ri
wkh uhdfwlrq ixqfwlrq wkdw pdwwhuv vlqfh wklv ghwhuplqhv e| krz pxfk lq dwlrq
lqfuhdvhv lq uhvsrqvh wr d qrplqdo zdjh ulvh1 Wklv lv xvhg e| hdfk xqlrq wr dvvhvv
e| krz pxfk d ulvh lq lwv rzq zdjh uhgxfhv wkh rwkhu xqlrq*v uhdo zdjhv1 Vlqfh wkh
lq dwlrq uhvsrqvh wr d zdjh ulvh grhv qrw ghshqg rq wkh udwh ri lq dwlrq wdujhwhg
e| wkh fhqwudo edqn +ZW,/ d fkdqjh lq ZW kdv qr hhfwv rq hpsor|phqw1
715141 Glvfxvvlrq
Wkh dvvxpswlrq wkdw zdjhv duh edujdlqhg lq qrplqdo whupv/ zklfk lv hvvhqwldo
wr doo fuhglelolw| prghov/ lv nh| iru wkh qrq0qhxwudolw| uhvxow1 Lw lv rqo| ehfdxvh
hdfk xqlrq wdnhv rwkhu xqlrqv* qrplqdo zdjhv dv jlyhq zkhq fkrrvlqj lwv qrplqdo
zdjh wkdw wkh srolf| pdnhu*v lq dwlrq dyhuvlrq kdv uhdo hhfwv14< Ri frxuvh/ wkh
k|srwkhvlv ri qrq0dwrplvp lv dovr hvvhqwldo iru wkh qrq qhxwudolw| uhvxow wr rffxu1
Vwdqgdug qhxwudolw| uhvxowv duh rewdlqhg dv d vshfldo fdvh ri rxu prgho zkhq
xqlrqv duh dwrplvwlf1 Lw wkxv dsshduv wkdw wzr dvvxpswlrqv duh fuxfldo iru wkh
qrq0qhxwudolw| uhvxow= qrq0dwrplvp dqg qrplqdo zdjh edujdlqlqj1 Wkh iruphu
lv qhfhvvdu| wr pdnh hdfk xqlrq lqwhuqdol}h wkh frqvhtxhqfhv ri lwv dfwlrqv rq
lq dwlrq1 Wkh odwwhu pdnhv hdfk xqlrq shufhlyh wkdw wkh lqfuhdvh lq lq dwlrq/
dvvrfldwhg zlwk wkh ulvh lq lwv lqglylgxdo zdjhv/ uhgxfhv wkh rwkhu xqlrqv* uhdo
zdjhv1 Wklv dhfwv wkh pdunhw srzhu ri xqlrqv +l1h1 wkh oderu ghpdqg hodvwlflw|,
wkhuhe| dhfwlqj zdjh fkrlfhv1
Dqrwkhu lpsruwdqw dvvxpswlrq ri wkh prgho frqfhuqv wkh xqlrqv* prqrsrolvwlf
4<Zh kdyh dvvxphg vlpxowdqhrxv zdjh0edujdlqlqj1 Wklv vhhpv d qdwxudo dvvxpswlrq wr vwduw
zlwk1 Hyhq zlwk qrq0vlpxowdqhrxv zdjh vhwwlqj/ krzhyhu/ wklv uhvxow lqwxlwlyho| krogv1 Dv orqj
dv d qrq0dwrplvwlf xqlrq shufhlyhv wkdw dq lqfuhdvh lq lwv qrplqdo zdjh uhgxfhv wkh uhdo zdjhv
ri vrph rwkhu xqlrqv/ wkh lq dwlrq dyhuvlrq ri prqhwdu| srolf| lv jrlqj wr dhfw wkh hpsor|phqw
ohyho1 Xqghu qrq0vlpxowdqhrxv zdjh edujdlqlqj/ wklv rffxuv iru wkh xqlrq+v, wkdw pryhv odvw1
54srzhu1 Wklv lv uhodwhg wr wkh idfw wkdw oderu ydulhwlhv duh lpshuihfwo| vxevwlwxwdeoh
lq surgxfwlrq +l1h1 wkdw j lv qlwh,1 Lw dsshduv iurp h{suhvvlrq +618, wkdw wkh
oderu ghpdqg hodvwlflw| lv lqfuhdvlqj lq wkh ghjuhh ri oderu vxevwlwxwdelolw|1 Lq
wkh h{wuhph fdvh ri shuihfw vxevwlwxwdelolw| +j $4 , wkh hodvwlflw| lv lqqlwh/
surylghg wkhuh lv pruh wkdq rqh xqlrq lq wkh hfrqrp|1 Wklv holplqdwhv xqlrqv*
prqrsro| srzhu frpsohwho|/ ohdglqj wr d uvw ehvw rxwfrph1 Wkxv/ wkh qrq0
qhxwudolw| lghqwlhg lq wkh suhylrxv vhfwlrq rqo| rffxuv dv orqj dv j	4 1
Ilqdoo|/ qrwh wkdw wkh qrq0qhxwudolw| uhvxow zrxog qrw rffxu li qrplqdo zdjhv
dgmxvwhg wr lq dwlrq lqvwdqwdqhrxvo|/ iru lqvwdqfh lq wkh suhvhqfh ri ixoo lqgh{d0
wlrq +ru ixoo|  h{leoh qrplqdo zdjhv,1 Pruhryhu/ lq vxfk fdvh wkhuh zrxog eh qr
fuhglelolw| sureohp dv prqhwdu| srolf| frxog qrw uhgxfh uhdo zdjhv1
7161 Wkh Lpsdfw ri Frqvhuydwlvp rq Lq dwlrq












Zkhq xqlrqv duh dwrplvwlf/
_#
_q 'f cwkh lpsdfw hhfw ri d kljkhu ghjuhh ri lq dwlrq
dyhuvlrq rq lq dwlrq lv qhjdwlyh ehfdxvh/ iru d jlyhq hpsor|phqw ohyho/ d pruh
lq dwlrq dyhuvh fhqwudo edqn kdv d vpdoohu lqfhqwlyh wr fuhdwh vxusulvh lq dwlrq1
Zlwk qrq0dwrplvwlf xqlrqv/ dq dgglwlrqdo hhfw pd| eh dw zrun1 D kljkhu
ghjuhh ri lq dwlrq dyhuvlrq pd| fkdqjh wkh hpsor|phqw ohyho/ dv vkrzq deryh/
wkxv dhfwlqj wkh fhqwudo edqn lqfhqwlyhv wr lq dwh1 Zkhq
_#
_q : fc kljkhu fhqwudo
edqn frqvhuydwlvp udlvhv hpsor|phqw +vhh sursrvlwlrq 7,1 Wklv hhfw fxpxodwhv
rq wrs ri wkh wudglwlrqdo rqh/ uhlqiruflqj wkh qhjdwlyh lpsdfw ri q lq dwlrq1
Lqvwhdg/ zkhq
_#
_q 	 fc dq lqfuhdvh lq fhqwudo edqn frqvhuydwlvp uhgxfhv hpsor|0
phqw1 Wkh vljq ri wkh lpsdfw hhfw ri d kljkhu q rq lq dwlrq ghshqgv rq wzr
rssrvhg hhfwv= wkdw rq hpsor|phqw dqg wkdw rq wkh srolf| pdnhu lqfhqwlyhv1
55Vlpsoh dojheud vkrzv wkdw wkh vljq ri h{suhvvlrq +717, lv vpdoohu wkdq }hur ryhu
wkh dgplvvleoh sdudphwhuv* grpdlq/ vkrzlqj wkdw wkh hpsor|phqw uhgxfwlrq dv0
vrfldwhg zlwk d kljkhu q lv qrw odujh hqrxjk wr rvhw wkh gluhfw +qhjdwlyh, hhfw
ri q rq lq dwlrq1 Zh vxppdul}h wkhvh uhvxowv zlwk
Sursrvlwlrq 81  D kljkhu ghjuhh ri wkh srolf| pdnhu*v lq dwlrq dyhuvlrq +q,
uhgxfhv lq dwlrq +_Z
_q 	 f,1
 Lq frpsdulvrq wr wkh fdvh lq zklfk prqhwdu| srolf| lv qhxwudo +l1h1 zkhq
_#
_q 'f ,/ wkh lq dwlrq uhgxfwlrq lv odujhu +lq devroxwh ydoxh, zkhq wkh lpsdfw ri
wkh lq dwlrq dyhuvlrq rq hpsor|phqw lv srvlwlyh +
_#
_q : f,> lw lv vpdoohu zkhq wkh
lpsdfw lv qhjdwlyh +
_#
_q 	 f,1
7171 Hhfwv ri Oderu Pdunhw Ghfhqwudol}dwlrq rq Hpsor|phqw
Wkh prgho fdq eh xvhg wr lqyhvwljdwh wkh hhfwv ri wkh ghjuhh ri ghfhqwudol}dwlrq
ri zdjh edujdlqlqj/ dv phdvxuhg e| wkh qxpehu ri xqlrqv zkr edujdlq zdjhv
lqghshqghqwo|/ rq hfrqrplf shuirupdqfh1 Wkh sduwldo ghulydwlyh ri +618, zlwk














2 q nE ?
l2 +718,
zklfk vkrzv wkdw d fkdqjh lq wkh qxpehu ri xqlrqv ydulhv wkh hodvwlflw| ri oderu
ghpdqg1 Lq sduwlfxodu/ wkh hodvwlflw| lv hlwkhu lqfuhdvlqj ru ghfuhdvlqj lq wkh
qxpehu ri xqlrqv ghshqglqj rq zkhwkhu wkh ghjuhh ri oderu vxevwlwxwdelolw|+j,l v
vx!flhqwo| kljk1
Sduw  ri sursrvlwlrq 4 dqg h{suhvvlrq +718, lpso| wkh iroorzlqj
Sursrvlwlrq 91 Wkh lpsdfw hhfw ri wkh ghjuhh ri ghfhqwudol}dwlrq +?,r qh p 0
sor|phqw/ _u
_?/ lv srvlwlyh li jEk :  +l1h1 zkhq wkh dgyhuvh frpshwlwlyhqhvv
56h  h f wr id ql q f u h d v hl q` ￿ grplqdwhv wkh dgyhuvh rxwsxw hhfw,> lw lv srvlwlyh
rwkhuzlvh1
Wkh phfkdqlvp wkdw ghwhuplqhv wkh qdo lpsdfw ri ? rq #c dqg khqfh rq
uc lv dqdorjrxv wr wkh rqh wkdw zdv glvfxvvhg iru wkh lpsdfw ri q rq # Dv ?
lqfuhdvhv/ wkh lpsdfw ri `￿ rq ` ghfuhdvhv/ zkloh wkh lpsdfw rq
‘￿
‘ lqfuhdvhv1
Wkxv/ d odujhu ? vriwhqv wkh dgyhuvh rxwsxw hhfw dqg h{dfhuedwhv wkh dgyhuvh
frpshwlwlyhqhvv hhfw1 Dv ehiruh/ zklfk ri wkrvh hhfwv grplqdwhv ghshqgv rq
zkhwkhu wkh hodvwlflw| ri wkh oderu ghpdqg zlwk uhvshfw wr wkh uhodwlyh zdjh whup
+j, grplqdwhv wkh hodvwlflw| ri wkh oderu ghpdqg zlwk uhvshfw wr wkh djjuhjdwh
uhdo zdjh whup + ￿
￿3k,1
Qrwh wkdw lq wkh fdvh ri prqrsrolvwlf frpshwlwlrq/ l1h1 zkhq ? $4 / wkh hodv0
wlflw| ri oderu ghpdqg lv htxdo wr j/ zklfk lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq
glhuhqw oderu ydulhwlhv1 Khqfh/ hpsor|phqw dqg lq dwlrq lq d ixoo| ghfhqwudol}hg
oderu pdunhw duh jlyhq e| htxdwlrqv +619, dqg +61:, zkhuh wkh hodvwlflw| j dsshduv
lq wkh sodfh ri #1 Ri frxuvh/ hyhq lq d ixoo| ghfhqwudol}hg oderu pdunhw htxloleulxp
rxwfrphv duh vxerswlpdo +hpsor|phqw lv ehorz 0 dqg lq dwlrq deryh 0 wkh rswlpdo
ohyho, erwk iurp wkh srlqw ri ylhz ri wkh zrunhuv dqg ri wkh fhqwudo edqn li xqlrqv
kdyh pdunhw srzhu +j	4 ,1 Rqo| li j $4 / htxloleulxp rxwfrphv frqyhujh wr
wkhlu rswlpdo ohyho1 Lq wklv fdvh/ oderu ydulhwlhv duh shuihfwo| vxevwlwxwdeoh1 Wklv
holplqdwhv wkh prqrsrolvwlf srzhu ri zdjh vhwwhuv/ uhvwrulqj h!flhqf|1
81 Fhqwudo Edqn Ghohjdwlrq zlwk Qrq0Dwrplvwlf Xqlrqv
Wkh lghd wkdw d zhoiduh jdlq fdq eh rewdlqhg e| ghohjdwlqj prqhwdu| srolf| wr dq
lqghshqghqw fhqwudo edqn zkr dwwdfkhv d juhdwhu zhljkw wr lq dwlrq wkdq vrflhw|
kdv jdlqhg srsxodulw| vlqfh wkh +uljkwhrxvo|, zhoo nqrzq Urjr +4<;8, frqwul0
exwlrq1 Wklv vhfwlrq lqyhvwljdwhv wkh urexvwqhvv ri wkdw lghd lq wkh suhvhqfh ri
qrq0dwrplvwlf xqlrqv1
57Li qhxwudolw| krogv/ dv lv wkh fdvh zlwk dwrplvwlf xqlrqv/ rxu prgho lpsolhv wkdw
wkh rswlpdo ghohjdwlrq uhtxluhv dvvljqlqj prqhwdu| srolf| wr d fhqwudo edqn wkdw
lv frqfhuqhg vroho| zlwk lq dwlrq +l1h1 zlwk dq lqqlwho| kljk lq dwlrq dyhuvlrq,1
Lw lv nqrzq wkdw li wkhuh lv d uroh iru vwdelol}dwlrq srolf|/ iru lqvwdqfh gxh wr dq
lqirupdwlrq dgydqwdjh ri wkh fhqwudo edqn ryhu d vxsso| vkrfn/ wkh fkrlfh ri wkh
rswlpdo edqn zrxog qrw glvuhjdug hpsor|phqw frpsohwho|/ exw zrxog kdyh vrph
frqfhuq iru erwk hpsor|phqw dqg lq dwlrq +Urjr/ 4<;8> Orkpdqq/ 4<<5,1 Khuh
zh gholehudwho| devwudfw iurp wkh vwdelol}lqj uroh ri prqhwdu| srolf|/ e| irfxvlqj
rq d ghwhuplqlvwlf hfrqrp|/ wr vkrz wkdw hyhq lq wklv fdvh vwudwhjlf frqvlghudwlrq
pd| ohdg wr wkh dssrlqwphqw ri d fhqwudo edqn zkr lv qrw vroho| frqfhuqhg zlwk
lq dwlrq zkhq xqlrqv duh qrq0dwrplvwlf1
Ohw xv frqvlghu d jryhuqphqw/ zkrvh suhihuhqfhv duh dvvxphg wr eh jlyhq e| wkh
xwlolw| ixqfwlrq +5146,/ zkr kdv wkh rssruwxqlw| wr +fuhgleo|, ghohjdwh prqhwdu|
srolf| wr dq lqghshqghqw fhqwudo edqn ehiruh wkh jdph lv sod|hg1 Wkh suhihuhqfhv









2 c  q:f +814,
zklfk glhu iurp wkrvh ri wkh jryhuqphqw rqo| lq wkh zhljkw dwwdfkhg wr lq dwlrq
+ q lqvwhdg ri q,1 Zh zloo vd| wkdw d fhqwudo edqn lv frqvhuydwlyh li  q lv odujhu
wkdq qc wkdw lw lv olehudo li  q lv vpdoohu wkdq q1 Wkh jryhuqphqw sureohp lv wr
fkrrvh wkdw ydoxh ri  q wkdw pd{lpl}hv lwv zhoiduh +htxdwlrq 5146,1 Lq pdnlqj wklv
fkrlfh wkh jryhuqphqw nqrzv wkdw/ zkhq prqhwdu| srolf| lv lq wkh kdqgv ri d
fhqwudo edqn ri w|sh  q/ hfrqrplf rxwfrphv duh ghwhuplqhg e| htxdwlrqv +619,/
+61:, dqg e| wkh hodvwlflw| +618,/ zkhuh wkh yduldeoh  q dsshduv lq wkh sodfh ri q1
Wkh vroxwlrq wr wklv sureohp |lhogv +vhh Dsshqgl{ G iru wkh surri,
Sursrvlwlrq :1 Lq d ghwhuplqlvwlf hfrqrp| zlwk qrq0dwrplvwlf xqlrqv/ wkh rswl0
pdo ghjuhh ri lq dwlrq dyhuvlrq iru dq lqghshqghqw fhqwudo edqn/  q
JR|
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_￿ q  f




_￿ q 	 f dqg wkh jryhuqphqw lv vx!0
flhqwo| frqfhuqhg derxw lq dwlrq1




_￿ q 	 f dqg wkh jryhuqphqw lv qrw vx!flhqwo|
frqfhuqhg derxw lq dwlrq1
Sursrvlwlrq 9 vkrzv wkdw wkuhh fdvhv fdq eh glvwlqjxlvkhg1 Wkh uvw rffxuv
zkhq d kljkhu fhqwudo edqn lq dwlrq dyhuvlrq grhv qrw orzhu wkh hodvwlflw| ri oderu
ghpdqg +
_#
_￿ q  f,1 Lq wklv fdvh wkh jryhuqphqw lqfhqwlyhv wr ghohjdwh prqhwdu|
srolf| wr d frqvhuydwlyh edqnhu duh kljkhu wkdq lq wkh wudglwlrqdo fdvh/ vlqfh erwk
wkh zrunhuv* zhoiduh +vhh sursrvlwlrq 41lll, dqg lq dwlrq +sursrvlwlrq 8, lpsuryh
lq frpsdulvrq wr glvfuhwlrqdu| srolf| dv  q ulvhv1 Wklv lv gxh wr wkh idfw wkdw d
pruh lq dwlrq dyhuvh fhqwudo edqn/ lq dgglwlrq wr uhgxflqj lq dwlrq/ dovr surgxfhv
d ehqhfldo hhfw rq htxloleulxp hpsor|phqw1
Wkh wzr uhpdlqlqj fdvhv rffxu zkhq d kljkhu lq dwlrq dyhuvlrq uhgxfhv wkh
hodvwlflw| ri oderu ghpdqg +
_#
_￿ q 	 f,1 Lq wklv fdvh/ srolf| ghohjdwlrq wr d frqvhuyd0
wlyh fhqwudo edqn + q:q , lqyroyhv d wudghr ehwzhhq orzhu zrunhuv* zhoiduh dqg
orzhu lq dwlrq1 Sduw  ri sursrvlwlrq 9 vkrzv wkdw li wkh jryhuqphqw lv vx!flhqwo|
lqwhuhvwhg lq lq dwlrq/ wkhq vrph/ exw qrw ixoo/ frqvhuydwlvp ri prqhwdu| srolf|
lv rswlpdo +l1h1 q	 q
JR|
	 4,1 Khqfh/ lw lv vxjjhvwhg wkdw hyhq lq wkh devhqfh
ri d zhoo ghqhg uroh iru vwdelol}dwlrq srolf| d jryhuqphqw pd| eh uhoxfwdqw wr
ghohjdwh prqhwdu| srolf| wr dq djhqw wkdw lv h{foxvlyho| frqfhuqhg zlwk lq dwlrq/
zkhq wkdw kdv dq dgyhuvh lpsdfw rq hpsor|phqw1
Ilqdoo|/ zkhq wkh jryhuqphqw*v frqfhuq zlwk lq dwlrq lv vx!flhqwo| orz
+sduw  ri sursrvlwlrq 9,/ lw pd| eh rswlpdo wr dssrlqw d fhqwudo edqnhu zkr
dwwdfkhv d orzhu zhljkw wr lq dwlrq wkdq wkh jryhuqphqw +exw vwloo odujhu wkdq
}hur,/ zkdw zh fdoohg d olehudo fhqwudo edqn +l1h1 f 	  q
JR|
	q ,1 Lq wklv fdvh/
wkh jryhuqphqw lv zloolqj wr uhds vrph hpsor|phqw ehqhwv dw wkh h{shqvhv ri
59kljkhu lq dwlrq1
91 Wkh Rswlpdo +Wlph0Lqfrqvlvwhqw, Prqhwdu| Srolf|
Wklv vhfwlrq frqvlghuv wkh rswlpdo/ wlph0lqfrqvlvwhqw/ prqhwdu| srolf| iru wkh fdvh
ri qrq0dwrplvwlf xqlrqv1 Ohw xv dvvxph wkh prqhwdu| srolf| uhdfwlrq ixqfwlrq lv




zkhuh  & dqg & duh frqvwdqw sdudphwhuv wr eh ghwhuplqhg e| wkh fhqwudo edqn
ehiruh xqlrqv vhw zdjhv +dqg duh nqrzq e| doo djhqwv,1 Wklv uxoh qhvwv wkh uhdfwlrq
ixqfwlrq wkdw zdv rewdlqhg xqghu glvfuhwlrqdu| srolf| +htxdwlrq D14,153 Zh zdqw
wr nqrz li wkhuh lv d vxshulru uxoh/ dqg wr lghqwli| wkh rswlpdo rqh1 Wklv lv grqh
lq wzr vwhsv1 Iluvw/ htxloleulxp rxwfrphv xqghu wkh dvvxpswlrq wkdw prqhwdu|
srolf| iroorzv wkh jhqhulf uxoh +914, duh ghwhuplqhg1 Vhfrqg/ wkrvh rxwfrphv duh
soxjjhg lqwr wkh prqhwdu| srolf| remhfwlyh ixqfwlrq dqg wkh rswlpdo ydoxhv ri  &
dqg & duh fkrvhq1
Zkhq xqlrqv duh qrq0dwrplvwlf +?	4 ,/ wkh vroxwlrq wr wklv sureohp vkrzv









zkhuh ` JR|  *L}k k
￿Ek lv wkh uhdo zdjh dw zklfk wkh rswlpdo hpsor|phqw
ohyho rffxuv +*L}u ' k
￿( vhh vxevhfwlrq 617,1 Wklv ohdgv xv wr
Sursrvlwlrq ;1 Li zdjh vhwwhuv duh qrq0dwrplvwlf/ wkh rswlpdo +wlph0lqfrqvlvwhqw,
prqhwdu| srolf| surgxfhv d uvw ehvw rxwfrph zlwk uhvshfw wr erwk lq dwlrq +Z '
ZW, dqg hpsor|phqw +*L}u ' k
￿,1
53Wkh whup uxoh lv xvhg wr lqglfdwh wkdw wkh rswlpdo wlph0lqfrqvlvwhqw prqhwdu| srolf| zrxog
eh vxvwdlqdeoh li suhfrpplwphqw zdv ihdvleoh1
5:Surri1 Zkhq xqlrqv duh qrq0dwrplvwlf wkh rswlpdo & frh!flhqw lpsolhv wkdw
# $4+vhh htxdwlrq H16 dqg wkh rswlpdolw| frqglwlrqv H1;,1 Htxdwlrq +H17,
vkrzv wkdw hpsor|phqw dqg lq dwlrq frqyhujh wrzdugv wkhlu rswlpdo ohyhov1
Wklv uhvxow lv lq vkdus frqwudvw zlwk wkh rqh rewdlqhg zlwk dwrplvwlf djhqwv/
zkhuh hpsor|phqw lv xqdhfwhg e| wkh lq dwlrq dyhuvlrq ri prqhwdu| srolf|154
Wkh lqwxlwlyh uhdvrq zk| wkh uhdfwlrq ixqfwlrq +915, ohdgv wr d uvw ehvw rxwfrph
lv wkdw/ vlqfh lq dwlrq ulvhv rqh0iru0rqh zlwk wkh lqglylgxdo xqlrq*v qrplqdo zdjh
+ _Z
_/￿ ' ? _/
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'f ,1 Iurp wkh srlqw ri ylhz ri hdfk xqlrq/ dq lqfuhdvh ri lwv lqglylgxdo
qrplqdo zdjh eh|rqg wkh rswlpdo qrplqdo zdjh ohyho +ZWn` JR|,l vz l s h gr x we |
dq lghqwlfdo lqfuhdvh lq lq dwlrq1 Khqfh/ xqghu wkh rswlpdo prqhwdu| uxoh/ xqlrqv
kdyh qr rwkhu fkrlfh wkdq wr fkrrvh wkh rswlpdo qrplqdo zdjh1
Krzhyhu/ wkh rswlpdo srolf| lv wlph0lqfrqvlvwhqw1 Lw uhvwv rq wkh qrq0fuhgleoh
wkuhdw wkdw wkh lq dwlrq uhvsrqvh wr dq lqfuhdvh lq wkh dyhudjh qrplqdo zdjh +/,
lqfuhdvhv olqhduo| zlwk ? Exw li wkh srolf| pdnhu fdqqrw suhfrpplw wr vxfk d
srolf|/ udwlrqdo xqlrqv zloo uhdol}h wkdw rqfh wkh| kdyh ghyldwhg iurp wkh rswlpdo
qrplqdo zdjh ohyho +ZW n ` JR|,/ lw zloo qrw eh lq wkh lqwhuhvw ri prqhwdu| srolf|
wr fduu| rxw wkh wkuhdw/ vlqfh wkdw zrxog ohdg wr dq h{fhvvlyh ohyho ri lq dwlrq1
:1 Dowhuqdwlyh Vfhqdulrv
Wkh sxusrvh ri wklv vhfwlrq lv wr vwxg| wkh urexvwqhvv ri wkh qrq0qhxwudolw| uhvxow
ri vhfwlrq 7 zlwk uhvshfw wr wkh ehkdylrudo dvvxpswlrqv derxw oderu xqlrqv1 Lq
vhfwlrq 5 zh dvvxph wkdw xqlrqv lqwhuqdol}h wkh jhqhudo htxloleulxp hhfwv ri wkhlu
zdjhv rq oderu ghpdqg +htxdwlrq 51<, zkloh wdnlqj glylghqgv dv jlyhq1 Khuh zh
frqvlghu wzr dowhuqdwlyh vfhqdulrv/ uhvshfwlyho| zlwk ixoo dqg qlo lqwhuqdol}dwlrq ri
54D vv k r z ql qD s s h q g l {H /z k h qq$4wkh rswlpdo frpplwphqw uxoh lv  @ ￿1
5;jhqhudo htxloleulxp hhfwv1 Lq wkh iruphu/ xqlrqv lqwhuqdol}h doo jhqhudo htxlole0
ulxp hhfwv ri wkhlu zdjhv/ lqfoxglqj wkrvh rq glylghqgv +ixoo| udwlrqdo xqlrqv,1
Lq wkh odwwhu xqlrqv gr qrw lqwhuqdol}h dq| jhqhudo htxloleulxp hhfw +p|rslf
xqlrqv,1
:141 Ixoo| Udwlrqdo Xqlrqv
Zkhq xqlrqv gr qrw wdnh glylghqgv dv jlyhq/ wkh sureohp vroyhg e| hdfk xqlrq lv
lghqwlfdo wr wkh rqh dqdo|}hg lq vxevhfwlrq 615 zlwk wkh rqo| glhuhqfh wkdw wkh
exgjhw frqvwudlqw +5143, lv uhsodfhg e| +5147,1 Wkh uvw rughu frqglwlrq iru wkh
w|slfdo xqlrq*v sureohp lv=
k
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8 n 1*L}u￿ 'f  +:14,
Wklv h{suhvvlrq glhuv iurp wkh uvw rughu frqglwlrq +616, ehfdxvh ri wkh dggl0
wlrqdo whup wkdw qrz dsshduv lq wkh vtxduh eudfnhw1 Wklv lv wkh lpsdfw hhfw rq
glylghqgv/ dqg khqfh rq frqvxpswlrq/ ri d xqlw lqfuhdvh lq lwv qrplqdo zdjhv1 Lw
lv vpdoohu wkdq }hur li ? lv qlwh/ fdswxulqj wkh idfw wkdw kljkhu zdjhv uhgxfh gly0
lghqgv1 Vlqfh wkh pdujlqdo frvwv ri d xqlw lqfuhdvh lq wkh qrplqdo zdjhv ri xqlrq
 duh kljkhu wkdq lq wkh fdvh lq zklfk glylghqgv duh wdnhq dv h{rjhqrxv/ xqlrqv













Frpsdulvrq zlwk wkh hpsor|phqw ohyho rewdlqhg lq vhfwlrq 6 frqupv wkdw hp0
sor|phqw lv dozd|v odujhu li xqlrqv duh ixoo| udwlrqdo155
55Li q @4wkh lqwhuqdol}dwlrq ri glylghqgv ohdgv wr d uvw ehvw rxwfrph +dqg wr prqhwdu|
5<Pruh lpsruwdqwo|/ iru wkh sxusrvh ri wklv sdshu/ wkh ghjuhh ri lq dwlrq dyhuvlrq
ri prqhwdu| srolf| +q, frqwlqxhv wr dhfw hpsor|phqw1 Vxevwlwxwlqj +618, lqwr
+:15, uhyhdov wkdw _u
_q : f dv orqj dv  	?	4 Wklv vkrzv wkdw wkh hpsor|phqw
hhfwv ri wkh fhqwudo edqn suhihuhqfhv lghqwlhg lq vhfwlrq 7 gr qrw ghshqg rq
wkh dvvxpswlrq wkdw xqlrqv gr qrw lqwhuqdol}h glylghqgv1 Dovr qrwh wkdw/ xqolnh
lq vhfwlrq 7/ wkh hhfw ri kljkhu fhqwudo edqn lq dwlrq dyhuvlrq rq hpsor|phqw lv
xqdpeljxrxvo| srvlwlyh1 Zh vxppdul}h wkhvh uhvxowv lq
Sursrvlwlrq <1 Li xqlrqv lqwhuqdol}h wkh hhfwv ri wkhlu zdjhv rq glylghqgv dqg
 	?	4 =
 hpsor|phqw lv kljkhu/ dqg lq dwlrq orzhu/ lq frpsdulvrq wr wkh vlwxdwlrq lq
zklfk glylghqgv duh wdnhq dv h{rjhqrxv wr xqlrqv* fkrlfhv1
 wkh lpsdfw ri wkh fhqwudo edqn lq dwlrq dyhuvlrq rq hpsor|phqw lv xqdp0
eljxrxvo| srvlwlyh1
:151 P|rslf Xqlrqv
Zh fdoo xqlrqv p|rslf li wkh| gr qrw xqghuvwdqg wkdw dq lqfuhdvh lq wkh dj0
juhjdwh uhdo zdjh/ fdxvhg e| wkhlu rzq zdjh vhwwlqj/ ohdgv wr ohvv surgxfwlrq
+htxdwlrq 518, wkxv uhgxflqj oderu ghpdqg +htxdwlrq 516,1 Xqghu wklv dvvxps0
wlrq/ wkh dgyhuvh rxwsxw hhfw wkdw xqlrqv shufhlyhg zkhq wkh| dffrxqwhg iru
jhqhudo htxloleulxp hhfwv +vhfwlrq 714, glvdsshduv iurp wkh prgho1 Khqfh/ devhqw
wkh dgyhuvh rxwsxw hhfw/ wkh lq dwlrq dyhuvlrq ri wkh fhqwudo edqn dhfwv oderu
ghpdqg hodvwlflw| rqo| wkurxjk wkh dgyhuvh frpshwlwlyhqhvv hhfw1 Zh vkrzhg
wkdw wkh dgyhuvh frpshwlwlyhqhvv hhfw lv vpdoohu li wkh fhqwudo edqn lv pruh
lq dwlrq dyhuvh1 Wklv lpsolhv wkdw/ iru  	?	4 / wkh lpsdfw hhfw ri wkh fhqwudo
qhxwudolw|/ dv hvwdeolvkhg lq vxevhfwlrq 715,1 Wklv rffxuv ehfdxvh wkh vlqjoh xqlrq dfwv dv d
vrfldo sodqqhu zkr ixoo| lqwhuqdol}hv wkh jhqhudo htxloleulxp hhfwv ri zdjhv rq wkh zhoiduh ri
doo zrunhuv1
63edqn lq dwlrq dyhuvlrq rq hpsor|phqw lv xqdpeljxrxvo| qhjdwlyh +_u
_q 	 f,156
;1 Frqfoxglqj Uhpdunv
Vwudwhjlf prqhwdu| srolf| prghov uhvw rq wkuhh dvvxpswlrqv=57 uvw/ wkdw zdjhv
duh vhw lq qrplqdo whupv ehiruh prqhwdu| srolf| lv ghflghg> vhfrqg/ wkdw gxh wr
glvwruwlrqv wkh hpsor|phqw wdujhw ri wkh srolf| pdnhu lv kljkhu wkdq wkh qdwxudo
udwh> wklug/ wkdw zdjh vhwwhuv kdyh udwlrqdo h{shfwdwlrqv dqg duh lqiruphg derxw
wkh srolf| pdnhu*v suhihuhqfhv1 Wkh uvw dvvxpswlrq jlyhv wkh srolf| pdnhu wkh
rssruwxqlw| wr jhqhudwh dq h{0srvw lq dwlrq vxusulvh wkdw uhgxfhv wkh uhdo ydoxh
ri zdjhv dqg wkxv lqfuhdvhv hpsor|phqw1 Wkh vhfrqg/ zklfk lq rxu prgho lv
uhsuhvhqwhg e| wkh xqlrqv* prqrsro| srzhu/ dvvljqv wkh srolf| pdnhu d prwlyh wr
fuhdwh vxfk d vxusulvh1 Wkh wklug pdnhv zdjh vhwwhuv dqwlflsdwh wkh srolf| pdnhu*v
lq dwlrqdu| lqwhqwlrqv1
Vhyhudo frqwulexwlrqv kdyh xvhg wkhvh dvvxpswlrqv wr vwxg| krz wkh srolf|
pdnhu*v dwwlwxgh wrzdugv lq dwlrq dhfwv hfrqrplf shuirupdqfh1 Riwhq/ wkrvh
vwxglhv gr qrw lqfrusrudwh d ghwdlohg ghvfulswlrq ri wkh xqghuo|lqj hfrqrp|1 Iru
lqvwdqfh/ wkh oderu pdunhw eorfn lv w|slfdoo| ghvfulehg e| dq h{shfwdwlrqv dxj0
phqwhg djjuhjdwh vxsso| fxuyh1 Xqghu wkh dvvxpswlrq ri udwlrqdo h{shfwdwlrqv/
wklv vlpsoh ghvfulswlrq ri wkh hfrqrp| lpsolhv wkdw wkh lq dwlrq dyhuvlrq ri prq0
hwdu| srolf| +Urjr*v frqvhuydwlvp, grhv qrw kdyh d v|vwhpdwlf hhfw rq htxl0
oleulxp hpsor|phqw1 D fhqwudo uhvxow ri wklv sdshu lv wr vkrz wkdw wkh dvvxpswlrq
ri udwlrqdo h{shfwdwlrqv lv qrw vx!flhqw wr surgxfh qhxwudolw| li +qrplqdo, zdjh
edujdlqlqj lqyroyhv odujh xqlrqv1 Lq vxfk fdvh/ wkh lq dwlrq dyhuvlrq ri prqhwdu|
56Lq wkh sduwldo0htxloleulxp prgho ri Fxnlhupdq dqg Olssl +4<<<, rqo| dq dgyhuvh frpshw0
lwlyhqhvv hhfw lv dw zrun1 Wklv h{sodlqv zk| pruh frqvhuydwlvp uhgxfhv hpsor|phqw xqdp0
eljxrvo| lq wkhlu prgho1
57Shuvvrq dqg Wdehoolql +4<<</ vhfwlrq 516, dqg Zdovk +4<<;/ fkdswhu ;, glvfxvv wkh dvvxps0
wlrqv xqghuo|lqj vwudwhjlf prqhwdu| srolf| prghov dqg vxuyh| wklv yroxplqrxv olwhudwxuh1
64srolf| dhfwv wkh hodvwlflw| ri oderu ghpdqg/ dv shufhlyhg e| hdfk xqlrq/ wkxv
lq xhqflqj wkh xqlrqv* pdunhw srzhu1
Wklv kdsshqv ehfdxvh/ zkhq qrplqdo zdjhv duh edujdlqhg lq dq xqfrruglqdwhg
pdqqhu/ wkh fhqwudo edqn lq dwlrq dyhuvlrq ghwhuplqhv hdfk lqglylgxdo xqlrq*v
dvvhvvphqw ri krz pxfk wkh rwkhu xqlrqv* uhdo zdjhv idoo diwhu dq lqfuhdvh lq lwv
rzq qrplqdo zdjhv1 Iru h{dpsoh/ zkhq wkh fhqwudo edqn lq dwlrq dyhuvlrq lv orz/
d odujh xqlrq shufhlyhv wkdw dq lqfuhdvh lq lwv rzq qrplqdo zdjhv/ wdnlqj dv jlyhq
wkh qrplqdo zdjhv ri wkh rwkhuv/ ohdgv wr d odujh lqfuhdvh lq lq dwlrq dqg khqfh
wr d odujh uhgxfwlrq lq wkh rwkhu xqlrqv* uhdo zdjhv1 Wklv uhgxfwlrq pdnhv wkh
rwkhu xqlrqv* oderu pruh frpshwlwlyh +d sduwldo htxloleulxp hhfw, dqg fkdqjhv
wkh ryhudoo surgxfwlrq lq wkh hfrqrp| +d jhqhudo htxloleulxp hhfw,1 Erwk hhfwv
lq xhqfh wkh oderu ghpdqg idfhg e| wkh xqlrq dqg/ wkhuhiruh/ lwv hpsor|phqw
fkrlfhv1 Wkh dvvxpswlrq wkdw zdjhv duh edujdlqhg lq qrplqdo whupv lv fuxfldo
iru wkh uhvxow +dv lw lv fuxfldo iru doo wkh olwhudwxuh rq vwudwhjlf prqhwdu| srolf|,1
Krzhyhu/ li xqlrqv zhuh dwrplvwlf/ dqg wkxv qhjohfwhg wkh lpsdfw rq lq dwlrq ri
wkhlu lqglylgxdo dfwlrqv/ qrplqdo edujdlqlqj shu vh zrxog qrw ruljlqdwh d qrq0
qhxwudolw|158
Wkh uhvxowv txdoli| wkh fodlp wkdw ghohjdwlrq wr d frqvhuydwlyh fhqwudo edqn/
dv vxjjhvwhg e| Urjr +4<;8,/ grhv qrw kdyh v|vwhpdwlf hhfw rq wkh hpsor|0
phqw ohyho1 Lq wkh suhvhqfh ri qrq0dwrplvwlf zdjh vhwwhuv wklv uhvxow pd| qrw
krog1 Lq rxu jhqhudo htxloleulxp vhwwlqj/ wkh lpsdfw hhfw ri frqvhuydwlvp rq
hpsor|phqw pd| eh hlwkhu srvlwlyh ru qhjdwlyh/ ghshqglqj rq wkh prgho vwuxfwxudo
ihdwxuhv +h1j1 wkh ghjuhh ri vxevwlwxwdelolw| ehwzhhq glhuhqw oderu ydulhwlhv, dqg
wkh ehkdylrudo dvvxpswlrqv derxw xqlrqv +h1j1 zkhwkhu jhqhudo htxloleulxp hhfwv
58Dovr/ li xqlrqv frruglqdwhg wkhlu qrplqdo zdjh vwudwhjlhv wkh| zrxog lqwhuqdol}h wkdw doo
qrplqdo zdjhv dgmxvw wr lq dwlrq1 Khqfh/ wkh frqvhuydwlvp ri prqhwdu| srolf| zrxog qrw lq x0
hqfh wkhlu fkrlfhv1 Wklv/ krzhyhu/ zrxog qrw eh d Qdvk htxloleulxp vlqfh hdfk lqglylgxdo xqlrq
zrxog kdyh dq lqfhqwlyh wr ghyldwh iurp wkh frruglqdwhg vwudwhj|1
65duh lqwhuqdol}hg,1 Wklv pd| eh rqh uhdvrq zk| hpslulfdo hylghqfh kdv idlohg wr gh0
whfw vljqlfdqw hhfwv ri fhqwudo edqn lqghshqghqfh rq hpsor|phqw +h1j1 Dohvlqd
dqg Vxpphuv/ 4<<6,1 Dqrwkhu uhdvrq lv wkdw wkh qrq0qhxwudo hhfw ri prqhwdu|
srolf| lghqwlhg lq wklv sdshu rqo| dsshduv li zdjh edujdlqlqj lv grqh e| odujh
xqlrqv1 Wklv dvvxpswlrq lv pruh olnho| wr dsso| wr frqwlqhqwdo Hxurshdq wkdq wr
Dqjor0Vd{rq frxqwulhv/ dv d suholplqdu| hpslulfdo lqyhvwljdwlrq ri wklv lvvxh kdv
frquphg +Fxnlhupdq dqg Olssl/ 4<<<,1 D eurdg lpsolfdwlrq ri rxu dqdo|vlv lv
wkdw/ lq frxqwulhv zkhuh oderu xqlrqv duh odujh/ wkh hpsor|phqw frqvhtxhqfhv ri
prqhwdu| srolf| frqvhuydwlvp pd| eh pruh frpsoh{ wkdq zkdw lv vxjjhvwhg e|
suhylrxv vwxglhv1
66D1 Dsshqgl{= Vroylqj wkh Jryhuqphqw Sureohp
Htxdwlrqv +5144, dqg +5145, duh xvhg wr zulwh wkh oderu ghpdqg htxdwlrq +51<, dqg
wkh exgjhw frqvwudlqw +5147, lq whupv ri qrplqdo zdjhv +/￿c/, dqg lq dwlrq +Z,1 Wklv
|lhogv= *L}￿ ' M￿  k
￿3kE/  Z dqg *L}u￿ ' M2  ￿
￿3kE/  Zc zkhuh M￿ dqg M2
duh h{suhvvlrqv wkdw gr qrw ghshqg rq Z dqg wkh dssur{lpdwlrq *L}`￿  ' /￿  Z lv
xvhg1
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Vxevwlwxwlrq ri wklv h{suhvvlrq iru *L}u￿ lqwr +D14, |lhogv
Z '
ZW E  k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E  k
2 q n 
+D15,
zklfk lv wkh uhdfwlrq ixqfwlrq ri prqhwdu| srolf| +l1h1 Z, wr qrplqdo zdjhv1 Htxdwlrq
+614, lv rewdlqhg e| uhduudqjlqj whupv1
E1 Dsshqgl{= Ghulydwlrq ri wkh w|slfdo xqlrq*v uvw rughu
frqglwlrq














zlwk uhvshfw wr /￿ vxemhfw wr ￿ ' `￿u￿ n (￿/ _Z
_/￿
  
/3￿ ' r +htxdwlrq 615, dqg wdnlqj



















Vlqfh wkh qrplqdo zdjhv ri xqlrq  phpehuv duh lghqwlfdo +dv lpsolhg e| wkh xqlrq*v
































Pdnlqj xvh ri wkh idfw wkdw lq htxloleulxp
‘￿u￿
￿￿ ' k +l1h1 wkh oderu vkduh lq frqvxps0


















zklfk |lhogv htxdwlrq +616, lq wkh pdlq wh{w1
F1 Dsshqgl{= Ghulydwlrq ri wkh oderu ghpdqg hodvwlflw|










































/3￿ +fdofxodwhg lq wkh qh{w vxevhfwlrq, |lhogv htxdwlrq +F15, lq wkh pdlq wh{w1
68F141 Wkh Lpsdfw ri `￿ rq `































vlqfh wkh zdjh lv wkh vdph iru wkh zrunhuv ri xqlrq  +odeho wklv `￿,/ dqg zlwklq wkh
jurxs ri wkh zrunhuv ehorqjlqj wr rwkhu xqlrqv +l1h1 doo `￿ iru zklfk  5 c odeho


















































































zklfk soxjjhg lqwr +F16, |lhogv
_`
_`￿






























zkhuh wkh odvw htxdolw| krogv dw d v|pphwulf htxloleulxp +` ' `￿ ' `3￿,1
G1 Dsshqgl{= Surri ri Sursrvlwlrq 9
Ohw  # eh wkh hodvwlflw| ri oderu ghpdqg xqghu wkh lqghshqghqw fhqwudo edqn/ jlyhq e|
htxdwlrq +618, zkhuh  q dsshduv lq wkh sodfh ri q Wkh hhfwv ri  q rq  # duh jlyhq lq
sursrvlwlrq 61 Wkh htxloleulxp ydoxhv iru hpsor|phqw dqg lq dwlrq/ lq whupv ri  qc duh
rewdlqhg e| vxevwlwxwlqj  # dqg  q lqwr htxdwlrqv +619, dqg +61:,
Qrwlqj wkdw lq htxloleulxp wkh uhodwlrq *L} ' k*L}u krogv/ wkh zhoiduh ixqfwlrq
ri wkh jryhuqphqw lv rewdlqhg e| uhsodflqj wkh ydoxhv iru htxloleulxp frqvxpswlrq/
69hpsor|phqw dqg lq dwlrq lqwr +5146,1 Wkh sduwldo ghulydwlyh ri wkh uhvxowlqj h{suhvvlrq
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2 q
￿
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Wkh uvw whup lq wkh fxuo| eudfnhw fdswxuhv wkh pdujlqdo lpsdfw ri d kljkhu  q rq
wkh zrunhuv* zhoiduh +frqvxpswlrq dqg ohlvxuh,1 Wkh vljq ri wklv lpsdfw fdq eh hlwkhu
srvlwlyh ru qhjdwlyh/ ghshqglqj rq wkh vljq ri
_￿ #
_￿ q1 Wkh vhfrqg whup lq wkh fxuo| eudfnhw
lv wkh pdujlqdo hhfw rq wkh jryhuqphqw zhoiduh fdxvhg e| dq lq dwlrq uhgxfwlrq1 Wklv
whup lv dozd|v srvlwlyh +vhh sursrvlwlrq 8,/ lqglfdwlqj wkdw/ vlqfh d kljkhu  q uhgxfhv
lq dwlrq/ lw lqfuhdvhv wkh jryhuqphqw zhoiduh dorqj wkh lq dwlrq glphqvlrq1 Qrwh wkdw




_￿ q : f +zklfk rffxuv li jE  k 	 c vhh sursrvlwlrq 6,/ wkh jryhuqphqw
zhoiduh lv prqrwrqlfdoo| lqfuhdvlqj lq  q> khqfh wkh rswlpdo ghohjdwlrq lpsolhv  q
JR|
$
4( wklv suryhv sduw  Zkhq
_￿ #
_￿ q 	 f +zklfk rffxuv li jEk : , d kljkhu  q surgxfhv
d pdujlqdo frvw +orzhu zrunhuv* zhoiduh, dqg d pdujlqdo ehqhw +orzhu lq dwlrq, wr wkh
jryhuqphqw1 Wkh rswlpdo fkrlfh ri  q khqfh lqyroyhv d wudghr1 Vlqfh +G14, lv srvlwlyh
iru d vx!flhqwo| kljk q +hydoxdwhg dw  q ' q/ lw lv lpsolhg wkdw lw lv rswlpdo wr kdyh
d frqvhuydwlyh fhqwudo edqn + q
JR|
:q , li wkh jryhuqphqw lv vx!flhqwo| lqwhuhvwhg lq
lq dwlrq1 Dv  q lqfuhdvhv/ wkh pdujlqdo ehqhw whup frqyhujhv wrzdugv }hur idvwhu wkdq
wkh pdujlqdo frvw +l1h1 zlwk d kljkhu lqqlwhvlpdo rughu,/ zklfk lpsolhv wkdw wkhuh h{lvwv
d vx!flhqwo| odujh ydoxh ri  q dw zklfk +G14, lv qhjdwlyh1 Khqfh wkh rswlpdo  q lv qlwh1
Wklv suryhv sduw 1 Dq dqdorjrxv uhdvrqlqj/ iru wkh fdvh lq zklfk q lv vr vpdoo wkdw
wkh pdujlqdo frvw h{fhhgv wkh pdujlqdo ehqhw +hydoxdwhg dw  q ' qc suryhv sduw 1
H1 Dsshqgl{= Ghulydwlrq ri wkh Rswlpdo +Wlph0Lqfrqvlvwhqw,
Srolf|
Vxevwlwxwlqj wkh oderu ghpdqg htxdwlrq +51<, lqwr +914,/ |lhogv wkh uhdfwlrq ixqfwlrq ri
prqhwdu| srolf| wr qrplqdo zdjhv +dv lq Dsshqgl{ D,=
Z '








zklfk lpsolhv wkdw wkh lpsdfw rq lq dwlrq/ dv shufhlyhg e| hdfk xqlrq/ lv
_Z
_/￿







6:+rSc xqghu frpplwphqw/ lv wkh htxlydohqw ri r xqghu glvfuhwlrq,1 Wkh hodvwlflw| ri oderu


















E  k? n &E?  
 +H16,
Htxloleulxp rxwfrphv xqghu frpplwphqw duh rewdlqhg iurp wkh xqlrqv* uvw rughu
frqglwlrq +617, dqg iurp wkh prqhwdu| srolf| uhdfwlrq ixqfwlrq +914,/ xvlqj +H16, dqg





















































zklfk lv d ixqfwlrq ri  & dqg &1 Wkh sduwldo ghulydwlyhv ri +H18, zlwk uhvshfw wr  & dqg
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l2 'f  +H1:,
Iru ? $4 cru jEk' chtxdwlrq +H1:, lv htxdo wr }hur/ vkrzlqj wkdw & grhv
qrw dhfw zhoiduh zkhq xqlrqv duh dwrplvwlf1 Lq wklv fdvh/ wkh rswlpdo uxoh lv Z ' ZW
+dv lpsolhg e| H19 iru dq| &,1
Iru qlwh ?/ wkh remhfwlyh ixqfwlrq kdv d joredo pd{lpxp +wkh vhfrqg rughu frqgl0
wlrqv iru d pd{lpxp duh vdwlvhg, dw
;
A A A ?
A A A =
















li jE  k 	 
+H1;,
Wkh rswlpdo & frh!flhqw zlwk qrq0dwrplvwlf xqlrqv lpsolhv wkdw wkh hodvwlflw| ri
6;oderu ghpdqg +#S,/ dv shufhlyhg e| hdfk xqlrq/ glyhujhv wrzdugv 4 dv & frqyhujhv wr0
zdugv wkh ydoxh
E￿3k￿?
?3￿ +iurp deryh ru iurp ehorz ghshqglqj rq wkh vl}h ri j Uhsodflqj
wkh rswlpdo frh!flhqwv lqwr +H14, |lhogv htxdwlrq +915, lq wkh wh{w1
6<Uhihuhqfhv
^4` Djhoo/ M1 dqg E0F1 \vdqghu +4<<6,/ Vkrxog Jryhuqphqwv Ohduq wr Olyh zlwk
lq dwlrqB Frpphqw/ Dphulfdq Hfrqrplf Uhylhz/ ;6=6380441
^5` Dohvlqd/ D1 dqg Y1 Julool +4<<5, Wkh Hxurshdq fhqwudo edqn= uhvkdslqj
prqhwdu| srolf| lq Hxursh lq Hvwdeolvklqj d Fhqwudo Edqn= Lvvxhv lq Hxursh
dqg Ohvvrqv iurp wkh Xqlwhg Vwdwhv/ P1 Fdq}rqhul/ Y1 Julool dqg S1 Pdvvrq
+Hgv,/ ss17<0::/ Fdpeulgjh Xqlyhuvlw| Suhvv/ XN1
^6` Dohvlqd/ D1 dqg O1K1 Vxpphuv +4<<6,/ Fhqwudo edqn lqghshqghqfh dqg
pdfurhfrqrplf shuirupdqfhv= vrph frpsdudwlyh hylghqfh/ Mrxuqdo ri
Prqh|/ Fuhglw dqg Edqnlqj/ 58=4840951
^7` Eduur/ U1M1 dqg G1 Jrugrq +4<;6,/ D Srvlwlyh Wkhru| ri Prqhwdu| Srolf|
lq d Qdwxudo Udwh Prgho/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <4=8;<09431
^8` Eodqfkdug/ R1M1 dqg Q1 Nl|rwdnl +4<;:,/ Prqrsrolvwlf Frpshwlwlrq dqg wkh
Hhfwv ri Djjuhjdwh Ghpdqg/ Dphulfdq Hfrqrplf Uhylhz/ ::=97:0991
^9` Ehhwvpd/ U1P1Z1M1 dqg K1 Mhqvhq +4<<<, Rswlpdo Lq dwlrq Wdujhwv/ cFrq0
vhuydwlyh* Fhqwudo Edqnv/ dqg Olqhdu Lq dwlrq Frqwudfwv= Frpphqw/ Dphu0
lfdq Hfrqrplf Uhylhz/ ;<=6750:1
^:` Eohdqh|/ P1 +4<<9, Fhqwudo Edqn Lqghshqghqfh/ Zdjh0Edujdlqlqj Vwuxf0
wxuh/dqg Pdfurhfrqrplf Shuirupdqfh lq RHFG Frxqwulhv/ R{irug Hfr0
qrplf Sdshuv/ 7;=5306;1
^;` Fdoyr/ J1 +4<:;, Rq wkh Wlph Frqvlvwhqf| ri Rswlpdo Prqhwdu| Srolf| lq
d Prqhwdu| Hfrqrp|/ Hfrqrphwulfd/ 79+9,=474405;1
^<` Frulfhool I1/ D1 Fxnlhupdq dqg D1 Gdopd}}r +4<<<, Prqhwdu| Lqvwlwxwlrqv/
Prqrsrolvwlf Frpshwlwlrq/ Xqlrql}hg Oderu Pdunhwv dqg Hfrqrplf Shuiru0
pdqfh/ plphr/ Who Dyly Xqlyhuvlw|1
^43` Fxelww/ U1S1 +4<<5, Prqhwdu| Srolf| Jdphv dqg Sulydwh Vhfwru Suhfrpplw0
phqw/ R{irug Hfrqrplf Sdshuv/ 77=8460631
^44` Fxnlhupdq/ D1 +4<<;, Wkh Hfrqrplfv ri Fhqwudo Edqnlqj lq Frqwhpsrudu|
Srolf| Lvvxhv/ Surfhhglqjv ri wkh Hohyhqwk Zruog Frqjuhvv ri wkh Lqwhuqd0
wlrqdo Hfrqrplf Dvvrfldwlrq/ Yroxph 8 Pdfurhfrqrplf dqg Ilqdqfh/ K1 Zroi
+Hg1,1
^45` Fxnlhupdq/ D1 dqg I1 Olssl +4<<<, Fhqwudo Edqn Lqghshqghqfh/ Fhqwudol}d0
wlrq ri Zdjh Edujdlqlqj/ Lq dwlrq dqg Xqhpsor|phqw 0 Wkhru| dqg Vrph
Hylghqfh/ Hxurshdq Hfrqrplf Uhylhz/ 76+:,=46<807671
73^46` Gdyhul I1 dqg J1 Wdehoolql +5333, Xqhpsor|phqw/ Jurzwk dqg Wd{dwlrq lq
Lqgxvwuldo Frxqwulhv/ Hfrqrplf Srolf|/ Dsulo1
^47` Gl{lw/ D1 dqg M1 Vwljolw} +4<::, Prqrsrolvwlf Frpshwlwlrq dqg Rswlpxp
Surgxfw Glyhuvlw|/ Dphulfdq Hfrqrplf Uhylhz/ 9:=5<:063;1
^48` Ju qhu/ K1 S1 dqg F1 Khihnhu +4<<<,/ Krz Zloo HPX Dhfw Lq dwlrq dqg
Xqhpsor|phqw lq HxurshB/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv1
^49` Jx}}r/ Y1 dqg D1 Yhodvfr +4<<<,/ Wkh Fdvh iru d Srsxolvw Fhqwudo Edqnhu/
Hxurshdq Hfrqrplf Uhylhz/ 76+:,=464:0771
^4:` J|oidvrq/ W1 dqg D1 Olqgehfn +4<<7,/ Wkh Lqwhudfwlrq ri Prqhwdu| Srolf|
dqg Zdjhv/ Sxeolf Fkrlfh/ :<=660791
^4;` Khuuhqgrui/ E1 dqg E1 Orfnzrrg +4<<:, Urjr*v Frqvhuydwlyh Fhqwudo
Edqnhu Uhvwruhg/ Mrxuqdo ri Prqh| Fuhglw dqg Edqnlqj/ 5<=7:90<81
^4<` Kroghq/ Vwhlqdu +4<<<,/ Zdjh Vhwwlqj xqghu Glhuhqw Prqhwdu| Uhjlphv/
plphr/ Xqlyhuvlw| ri Rvor1
^53` Mhqvhq K1 +4<<6,/ Lqwhuqdwlrqdo Prqhwdu| Srolf| Frrshudwlrq lq Hfrqrplhv
zlwk Fhqwudol}hg Zdjh Vhwwlqj/ Rshq Hfrqrplhv Uhylhz/ 7=59<05;81
^54` Mhqvhq/ K1 +4<<:,/ Prqhwdu| Srolf| Frrshudwlrq Pd| Qrw Eh Frxqwhusur0
gxfwlyh/ Vfdqglqdyldq Mrxuqdo ri Hfrqrplfv/ <<=:60;31
^55` N|godqg/ I1H1 dqg H1 Suhvfrww +4<::,/ Uxohv Udwkhu wkdq Glvfuhwlrq= Wkh
Lqfrqvlvwhqf| ri Rswlpdo Sodqv/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8=7:60
7<51
^56` Olssl/ I1 +4<<<,/ Uhylvlwlqj wkh Fdvh iru d Srsxolvw Fhqwudo Edqnhu/ FHSU
GS 46391
^57` Orkpdqq/ V1 +4<<5,/ Rswlpdo Frpplwphqw lq Prqhwdu| Srolf|= Fuhglelolw|
yhuvxv Ioh{lelolw|/ Dphulfdq Hfrqrplf Uhylhz/ ;5=5:605;91
^58` Shuvvrq/ W1 dqg J1 Wdehoolql +4<<6,/ Ghvljqlqj Lqvwlwxwlrqv iru Prqhwdu|
Vwdelolw|/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/
6<=860;<1
^59` Shuvvrq/ W1 dqg J1 Wdehoolql +4<<<,/ Srolwlfdo Hfrqrplfv dqg Pdfurhfr0
qrplf Srolf|/ lq Kdqgerrn ri Pdfurhfrqrplfv/ yro1 40F/ M1 Wd|oru dqg P1
Zrrgirug +Hgv1,/ Qruwk0Kroodqg/ Dpvwhugdp1
74